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Preface

The midendr doployment and inflation of 0 larwe balloon system 18 o challenging
technteal endeavor, ‘'he nuthor has had the ploneering offorts of Jhmes (s Payne,
hin Air I‘orce Geophysical Laboratory colleagur, in this aven to point the way,
Additional suldance har come fram related work neconipliahed by Roven Industries,
(has, for anather Alr l'orce effort, (n the finatl analysis, lowever, the wiique
parametric values for the very large ATRS eyrtem hnve had to he worked out
neputately and in great detatl in arder to achieve confidence in planned tost canfige
urations, ‘Uhis roport nttempts to ylve some ordor to the many computationg pers
formed by the aAuthor nnd to relate the events that have bhrought the development
progream {0 {t8 present state,

The author owen much to the asgiatonce and encouragoment recetved from him
colleaguen at AKCGL, pavtieularly f'rom 'I'homan W, Kelly, Direator, Acrospace
Instramentation Divislon, James U, Payne, lFrancin X, Dohovty, James I¢, Dwyor,
and Avthur Oy Korn, ‘'he tdvice on pavachiute testing received from the 6811th
Tont Sauadron at the Natlonal Parachute Test Range, 51 Centro, Califormia has heen
extremely helpful,  Particular thanks go to CHfford W, Marshall apnd Michael N,
Wuest,  In the development of the cryngenio gan storage systom, tho naslstance of
the Ceyogoenies Divinion of the Natlonal Huveau of Standirds has been fnvaluable,
Sincere thanks nra exprearcd for the dedicated NIS effort so well cuvried owt, with
special weknowledgment lo Charlea ¥, Sindt and Jess Hord,

The preparation of o manudeript auch as this with vo many symhals, lne Hiva-
trations, and tables calls for hard wark hy many people,  Cirateful acknowledigment
is made to Carel Marin of AlCiL, and to the personnel of Emmanuel College who
participated in the taask, with apecial thanks to Jack Collins, leon Mackonzie nnd

M, Patricia ttagan, 3 "
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TheFlight Test Aspects of the Air-Launched
Balloon System (ALBS| DevelopmentProgram

1, INTRODUCTION

This 14 the third technical report prepared under AFGL InsHouse Work Unit
(IHWU) 88651101, Air-launched Balloon Techniques, ‘The {irat report featured a
comprehendive dlscussion of methods for inflating free balloons {n midair subke~
quent to their deployment from a cargo aircraft or from a high altitude rocket, !

It concluded that systems employing such methodas are capable of heing developed
and of satlafying & number of {dentified Important military needs,

The sacatid report was more user~oriented, 3 It surveyed all of the various
kinds of l.ightersthan«Air (L'TA) vehioles that might derve as high rltitude commus
nications relay platforms, discusning the operational advantaged and disadvantages
of eacly, und highliphiing some of the lerhnical eonsidarations, It also served as a
progreas repotrt on the expevimantal {nvestigations undertaken in conneotion with L
the Air lLaunched Balloon Syatem (A1.BY) development program, which was well
under way by then and from which a promising I.TA communications relay platform
waws expected lo emerge.

(Received for publication 27 August 10786)

1, Carten, Andrew 8,, Jr, {1073) An Investigation of Techniques for Launchin
l.arge Balloon Systema (rom XTTo FEE'S?‘R’B"cTE‘é‘Eu"!H THERL, ATCRI T~

«0bds,

2, Capten, Andrew 8., Jr. (1074) An Investigation of the Appilcability of High '
Altitude lliqhtar-'rhnn-Alr (L, TAY Voﬁlofen T the Tncficu! ("..ommun!ni!!o'nu :
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This third report will examine the flight test aspects of the ALRBS development

- program in some detail, exploring the dynamica of the mid-air deployment aequence

and outlining the proof=of=concept f{ght tests proposed both to verily those dynamics
and to determine system feastbility,

2. HACKGROUND

2.0 Baslo Reguirement

The Airs«Launched Balloan Syatem (ALBS) under development at AFGL {8 aimed
at the requirement for a quick=reaction, l{ghter~than-a{r, tactical communications
relay platform positioning capability, Such a reguirement (s called out in TAC
ROC 308-78 entitled A Satellite Airborne Communications Relay System for Tacti-
cal Alr [Forces,

Operational planning :alls for the packaged ALBS to be extracted frotn u C=130
alreraft at 28,000 ft (7, 83 km), When the syatem i properly deployed tn midalr
by a tandem parachute array, the stored ALIIS balloon will be extended vertically
and filled from an attached helium atorage unit, 'I'he inflated halloon will then
carry the communications relay to {ts assiyned altitude [*70,000 It (21,34 km))
while the inflation hardware floata to the ground, (See Sectlon 3,4, 4 for a more
complete operational scenario, )

2.2 Gue Storage Defvlency

In the report entitled An Invertigatinn of 'Techniques for Launching Large Alr
Balloon Systems from Aircralt or Rockets in IFight, AFCRL=TR=7340633, use of
the eryogenic gam storage and heat tranafer subsystem was proposed for the Al, H's.
Thia recommendation arose from the mevere weight penalties associated with use
of conventional compressed gas storage cylinders, particularly in & ayatem of the
size required to put a communications relay on atatlon, The need for a light ~weight
urs atorage medium wae {de tified as crucial, and succeraful development of the
proposed ATRS was seen imporsible without a breakthrough in the gas atorage area,
Subsequent to publivation of that rapart, an agreement winn reached between Alr
Foree Cambridye Reaenrch Lahoratorier (AICRL), the predecesror organivation,
and the Cryogenien 1ivision of the National Bureau of Standards (NBS), Hoeulder,
Colorato, by which NBS would carry out experimental research in support of the
ALHS program, That agreement was moat fruitful and led to the desiyn, fabrica=
tion, and Auccesaful testing of n uroundshased prototype cryogenic storage and heat
transfer aubaystem of the desired capaoity, 'I'he NBS effort which satisfied the
eritical ALBS development need |8 described {n a roport by Sindt and Paceish, 3

3, Sindt, OV 1%, and Pavetsl, W, R, (1078) A System for Inflating & Balloon Using
[leliwmnm Stored {n the 1iquid hase, ANT ;
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The NI3S prototype (Iigure 1) uses a hot packed bed aluminum oxide (Algo )

. heat exchanger to ganify a predetermined quintity of liquid helium (LHe) and to

warm the gans to a suitabls temperature for filling the balloon, Its design incors-
porates all of the functions expected in operational use, where e flight-qualified

‘subsystem of this type would be an integral part of the ALBS packege launched

from the transporting airoraft, The proked bed {s designed to be preheated and

put on standby status, awsaiting the start of the balloon inflation process, On signal,
tho dewar is nutommoauy pressurized and helium flows towards the heat exchange
unit, “Some of the helium passes through the hemd bed, and some by-passes it,
both streams merging in & mixing chamber, The resultant warmed flow (220 to
260°K average) then passes through the aystem's inflation tubing into the balloon,
Cutoff oecurs with depletion of the stored helium, (In ah actual airslauneh situition,
the belloon would be inflated to the proper extent at this point for release and ascent

- to floating rititude,)

( HOT GAB
VALVE

Al
VALVE VENT
P

COLD QAB

BYs PASR
PRESSURE VALYE
REQULATOR : 1@

o
By - - X
" — e | wnap LS 1} .
HOTHED OF
—_ PLOW AlpOPELLETY
CONTROL
ORIFICHS
-
L3760 ¢ ] cAsMIxER
HELIUM .
PRAERBUNIZING e
GAS ‘ ?
— — 160 BALLOON
s L -
— BURKT DIEG

B00 LITHR LIGUID HELIUM DEWAR

Flgure 1, Schemadtic of the NBB Experimental Cryogenic Gas Storuge and Heat
Tranafer Unit
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2.8 AlrLaunclied Balloon System:Bubsystem Ground Tests

The prototype A1.BS cryogenic stomg« and heat tranafer subgystem was suc~-
cessfully demonstrated in July 1976 ot Boulder, by filling a tied down ambient-
pressure balloon with 10,890 n? (300 m3) of hellum gas nt an average temperature
of 260°K in uix min and 45 aeconds, 4,8

In Novembetr 1078, this same prototype cryogenic unit was transported to
Holloman AFH, New Mexico, where it wag again succesafully employed, There it
wos used to influte, on the ground, a 148, ono? (4106 m™) balloon which, upon being
released, carried a payload of 300 1b (136, 08 kg) to 76, 000 £t (22, 88 km),

The November flight represents the [irat known flight of a lnrge halloon inflated
directly from a eryogenic source, ¢ Figure 2 shows the prototype as employed at.
Holloman AT'B., The helium storage medium {u the large, cylindrical objeot towards
the front of the truck in the figure and s n heavy B00-liter commercinl dewar, ‘The
heat transfer unit {a the smaller domed cylinder on u stand in the rear of the truck,

4, 'The Kelvin temperature scale will b the preferred scale in this report, 'I'he
render im asked to remember that 0°C » 273, 18°KK - I2°F,
Thust 280°K = -13, 1B°C = 8,34°F

220°K = «B3, 18°C = -83, 87°¥,

B, The 220° to 460°K average temperaturc range reflects syntem design Hmits
where both physical size constrainta for the heat transfer unit and balloon
fim temperuture limitations were carefully conaidered, With respect to
polyethylene fim, the allowable temperature extremes were established us
218° and 323°K, Nornially, the warmer tempervatures are hriefly encoun=
tered at start=up while volder temperatures are experienced a the emi of

the run,

8, In the November teat approximately 102 Ib (46,27 lgp of lquld hellum was
used lor {nflation purposes, 1'his {8 the quantity previously caleulated for
an operational ALBS in which a 200«1b (90,72 kg) communications relay would
be carried to an altitude of 70,000 ft (21,34 km), It should be noted, how=
evet, thatthe 102 1h of LHe actulmy provtdem much more than 200 tb of 1R,
The hellum quantity ly te{lored to the overa=all 1{ft requirement, wneh ehe
compasses not only the weight of the principal payload, that is, the commuye-
nioations retay (200 1b), but also the welghts of the balloon, 180 b (81, 88 kg),
and of the hardware neaeded for {light control, 105 1b (80, 48 kg), plus
10 percent f'ree lft, (System weights are summarized in ’l‘nhle 1. which
appears in Section 3,3,4,)

R S = T L P S S I
13 < i3 WAEA L AN UH g A0 LIRS,
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; 2. Flight Test Plans (Preliminary Discussion)
i With the busic development teats of the AT.148 aryogenic gus storage and heat
trunafer subsystem thus successtfully coneluded, the way was opened up for flight

: teats of the complete ATLBS, 1t was Impossible, however, to plan for un alveraft
taunch of the complete system at the atart of the flight test prograom. 1'or one thing,
there wus no suituble alveraft - qualitied eryogenic unit on hand or in sight, Also,
the complicuted parachute subaystem required for successful mid-nir deployment
of the ALDS dictuted that this goal be approached methodically, As will be ox-
platned shortly, in Section 3, o proof-of-concept flight test program then evolved
in which solentific bulloons were chosen to serve ad the primary test drop plat-
forma, Subsequently, while deteiled plung for the balloon tests were being pre~
pared, the opportunity arose to plan for some early drop tests of ALRS partial
aygtem mockups from airceraft, to check out the proposed puruchute system. This
somewhat unexpected turn of events promised to furnish almost immedinte nnswers
to uncertainties nssociated with the deployment subsystem, The opportunity for
aireraft drops was seized, therefore, both to udvance the cause of the planned
bulloon tests and to nceelernte over=nll system development,

A8 this report {g belng written, uctive preparations ure under wuy for the uiv-
eraft and balloon drop tests, ‘I'he nireraft drope are expected to tuke place at the
National Parachute Test Range, Kl Centro, Culifornia during the fall of 1076,
Rulloon drops of dummy and lve AT.18 models nre plunned to be conducted over the ‘

White Sands Missile Range, New Maxico, {n the apring and summaer of 1077, (Please 3
sHee Addendum for later {nformation,) '.'.1
13 3
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25  Duta Limitations .
It would be pleauing ta have the test datn resultinn‘ from the plannéd dropu on
hand now for this report, Since this cannot ba, the duta presented harein are
thearetical caleulations which indicate how u tentutive system design was reached. .
Only to the extent that the governing nssumptions are valid, can the data serve to
prediet system performbnae upon.rrlease from the. carrier vehicle, (Uncertainties
which affect the assumptions will be tdentmed at uppropriate locations In this ’
repdrt,) This constraint notw{thatnndlnq the data. prusantatlon dnes permit a ftep-~
hy =step examination 6f the hagid’ l‘unctianﬂl €leriTents and in-many cases; aaamna
reasonnble quantitotive values to parameters of interest, Such values nre heedued
: for tnttial sizing of test system components und for alléwing test plans to be pra-
- pnred and implemented with confidence,
It should be noted thut the emphnsia inthis report ‘will be on the halloon flight
tests, There will be, of necessity, some discussion of aireraft flight tests also,
but the depth of treatment will he less, : : -

T
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F 3 AR LAUNCHED BALLOON SYSTEM DESIGN EVOLUTION

% 3.0 Genernd Consideratlona

g With the previously described ground tests suncessfully completed, the deci- \
E slan to embark on nn ALBS flight teat program was inevitable, The main {ssue was

E one of gcheduling, In other words, how soan after November 1876 rould n meaning-

ful flight test-u test which would prove the feasibllity of luunching 1.I'A relay plat-
forms in miduir=he conducted? 'The answer to this question depended on uvuil- r
abilty of funds and of #petvial resources, such as & flight-qualified eryogenico unit,

a suitable drop platform, and u unique balloon designed for mid-nir inflation, 1t

depended also on the ability to work out support ngreements with other organizations |
and personnel (within and outslde of AI'Ci1) with respect to bulloan design, command- . N
control instrumentation system design, purachute myatem tests und design verifica-

tion, launch and recovery operntions, and so un, l.et us look now ut some of these

contingeney {temus, to dee how they huve beon hundled, und to aseestnin the nuture

of the flight test plan that haw evolved.

St i

3.2 Cryogenie Gas Storage and Hent Transfer Submystem

I'rom the start it was obvious that the crvogente goa gtorage wnd heat transler
subgystem shown in Wigures | und 2 could not he used in the plunned flight tests,
The commercinl dewnr was too heavy und entirely unsuitable for mid-uir deploy-
ment, (It wou used in the 1078 ground-bused tests because it was readily available

14
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and heeausde dewnr gize was not eriticnl in those tests,) ‘'he heat transfer unit way
“nine too heavy, though not 8o much 8o ns the dewar, "This a rew; Much1lghter and"
more compnet cryogenic gas storage and heat transfer unit now became the cvlticnl
need, . _ -
At tirat, 1t appeared that nothing could be donu to sntisfy this need until the

next flucul veur. ‘Then came an unexpacted alloaation.of mouey from the Laboratory
- Director's l«‘und that ullowed the exparimentnl work ngreement with the Ni2s to ba
_oxtended immadiately, The design and -fabrication of thc neaded llght-Wuight t‘lyuble
o cryoganic ffre atérage and haat tmnsfnr nuhnyatem ware rhm‘eupon qulvlﬂy Initinted
by the N8, A scheduled oomplation date of Ootober 1078 ussures that u suitable
unit will be availnble for the flight teat.program, (Sce also Section 3, 4, 8,)

‘Tigure 3 showd the outline of the experimental lght=wolght eryogenic gne
storage and hant transafer unit being constructed by N13S for the flight tests, This
new unit hos less capneity thun the original oversized unit used in the 1975 ground
toste, hut_anough to supply the nesessary 102 1b of LHe, (Cf note 8, Section 2,3,)
To reduce welght, two titunium lqguid hydrogen tunks, left over from the NASA
Apollo program and slightly modified, huve bvent employed ns the hellum dewurs,
The now configuration nlso includes n redesign of the original hent transter unit to
lghten tt, ''he estimuted gross welght of the new design (lewars + heat trunsfer
unit plus frame and padding) s 653 1b (206, 2 kg), ubout half the welght of the orige-
i,

U1 em
“ (2402100 -

80 um
(33.80 in,)

234 em (n2.15 lu,)- - .]
Migure 8, lLayout of the Model 11
16 1/4 e 46 I dians B b Hot Hed and Helium Dewnrs

-----

Halium Daweat 138 em

(51.07 i)
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34 Drop Platform (Aireruft va Halloon)

luookmg ut the. pmblcm in its Hlmpll“%l terms, that is, the dropping of npaek-
nge from 28,000 ft (7,64 km) over a tast range, -one chaérves that the quamon of
the drop platfoim becomes that of declding between an nircraft delivery system and
a balloon delivery system, since both vehicles are proven air launch vehicles, The
dacision made in December 1978 was to employ a balloon as the ALBS drop plat-

form initially, This woas o a{gnif{oant dectuion in that {t eatablished the specific

direction for the present test program nnd. at the sume time, limited it to a proof-

'ufﬁconoupt beat. It alsey effeotlvaly added u year to the acheduled initiation date for

C-130 dropa-of the complete system, (Those drnpu. _,whlt‘h will be opuruﬂonal
feasibility tests, will be the subject of another report,) The decision to restriot the
tests covered by this report to proof-of-concapt teats wae not taken llqhtly and it
involved several oonllderaﬂonn. oo

3.3,1 PUNDS

'Po date, the annual nllotmanta of contractunl funds for (HWU 66661101 have
benn devoted almost entlrely to the davelopmaent of the eryogenie gas atorage and .
hent trunsfer subaystem, 'Thus, when the go-nheud aign wna recelved in November!
December 1078 with ragurd to flight testing, the nuthor, us unlt monitor, instinctive-
1y turned to the in~house resources of his parent organization,. tho Aerospace ln-
strurentation Divislonof A1*QL, for aw much "free” teut support as possible, One
of the major notivities of that division {8 the conduct of acientific balloon (lighta,
for which it {8 uniquely well equipped und qualified. The simplest answer to the
need for n 28, 000 ft drop platform wns, if possihle, to use one or more of the Divi-
sion's surplus balloony, With the bulloon would come (nt some cont) fight inatrus-
mentation support, parachute preparation, launch, flight control und recovery sup-
port - the vomplete test pnekage, except for the eryogenic sibsystem which would
be coming from the NBS, 'I'he apparent alternutive wua to arrange for (=130 dropu
from an Alr Torce test nctlvity, whinh could require the transfer of substantinily
groater funds than needed for inshouse fests, Iiven if toat aupport funds of the ordev
ltkely to be required were uvailable, thig wnu not rau'ny a viable aiternative, hows -
over, a8 will be seen in the next purograph, Thus, nlthough test support funds (or
the senreity thoreof) wers (nvolved in the decislon making, they were not ths overs
riding considerntion in the resolve to use a balloon carrier inttinlly,

4,402 ATRBORNE BENGINEERING REQUIREMENTS

To be eligihle for C'=130 drops, the ALIS aryogenic gas starage and hoat
tranafer subsystem would huve to meet the englnosring stindards estublished for
equipment to be carried nhenrd uiveraft, This wng soen as requiring more con-
tractunl funda than wore immedintely avatinble to the worlk unit and na imposing
savers time penalty, The time dolny would rewmult not anly from taeting the moare
stringont dosign nnd fubriention reghitemonts of an nireraft=qunlified subsystem
bhut ulso from the nead for extensive interorvgunizntion coovrdination,
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) In view of the fact that a large scale cryogenic mid-air inflation had never been
tried before, the author was reluctant to spend'(in a Wtretched-out prégram) the
time and money requlred for a completely qualified unit, prior toa proof-of«concept
demonstration using simpler equipment, His reluctance was greatly influenced by
the knowledge that the two surplus titanium dewars were available at the NBS for

immediate use in an interim configuration entirely suitable for ths proof~of-concept

goal, even if airborne engineering standards were not met. Since such a configura=
tion could ba put together rapidly and within existing budnctat‘y aamtramts. i Wes
decided to go ahead with the interim conflguration shown in-Flgure.3,. duplto the
fact that it could not be used {n an aircraft drop, By going in this direction the
proof~of«concept test could be conducted much sconer. Naturally, thia deoision
‘mundated the uso of n balloon launch platform in the proof-of-concept test, * (The
“ultimate veraion of the cryogenic unit, which will be dropped from C-130 aireraft
nfter proot-of-conoept s emtublished, has yet to be designited in detail, 1t must be
more cormpact, -of course,-in keeping with alroraft. cargo density requiraments, und
will featurs a single dew.r, probably made of aluminum whose capucity equals that
of the two titanlum dewara combined. )

3. 3.3 FLEXIBILITY

A third factor which influeticed the balloon cholee wus the matter of teat bed
flexibility, Balloon systems are very flexible with regard to syastem configurations,
being particularly amenable to lust minute changea, add-on components, and the like,
In addition, they are {nsensitive to the drag considerations associated with high-
speed aircraft deployment and they offer u relatively gentle launch environment,
These qualities are important to an experimenter ut the proof-of-concept stage, In
the event of n rystem modification, for example, to overcome a deficlency noted in
the (nitial drop test, the flexibility afforded by balloon systems would permit u much
faster turn-around time than (s liable to be the cane when airborne engineering
requirements must -be met. : - : -

3,3,4 ROLEVANCE

The ALBS flight test program, to be n valld endeavor, muat relate strongly
to the anticipated operational usage of the systett. Hefore nssessing the validity of
teat configurations involving the use of balloon carriers, we consider it appropriate
at this point to review the envisioned ALIS operational scenario In greater detnil:
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Propased ALTS Operationul Scenario

PTIU——

_ he operational ALBS madule to he extracted from the C=180 nlreralt is exs
pucted to woigh approximntuely 1440 Ihe (644, 85 kg and will be upproximately
Iftxdftx 126 (01 xo0)x Ho86 m), (These dimensions are for n unit trgignm
to put it 200~1h (50,72 k) eommunication relay on station at 70, 000 4t (21, 84 km),
See Tuble' 1 for & breakdewn (wstimated values) of the oversall gystem weight, Sce oo
Tlgurcs 4u nnd 4b for’a depletion of the exttnction provers und flrst stnge decaloprs T
ation), [ntegrully mounted runnetd nre plonned to nid the extruction proacoss,  No

palletiving 18 .envisionad, '

i i

2L

s de{d

Table 10 Air=lLaunghed Balloon System Weight Hreuldown (Lstimated Values)

ltem ﬂl. 7 7 ky ;
Drogue chuto (45 ft (10,687 m) ring watl 24 10,4344 :
l[sxtonsion lne 200 t (B0, 06 m)) f) 4, 042 :
Shuekles, triplate 10 4,036 i
1MVe«13 valve, strobe Hght 10 ERI
Halloon, A1.0S, roofed 180 81, 648
Subtotal REH 108, 246
Moln chute (84 Pt (19,51 1) Flat efreuling 100 45, 46
[toem JUN ki
Muin cunopy apex frame 50 2y, 64
Comm, relay 200 00,732
Commund/ vontrol 40 14, 144
Recovery ohute 20 0, 072
Ralloat, otel | 128 506,70
Mlting tube, clamps 10 4, Hig
Cryogoenice unit nna 204, 200
Subtotid 1008 404, 054
Total System Welght
Ih iy
232 106, 34h
100 48, 36
1004 4908, 084
Bk EhEN]
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b FIRST STAGE OECELERATION
Migure 4, Lxtraotion of ALY Module from (-130

The module, which will be oriented vortically ufter extraction, will conaist of
sevorul comparthients, one ubove the other, (Theso compartmenta are shown later
in igure Th,) The topmost compartmoent will contain n pucked 1687, 000 i‘ta (44446 m“l
AL BN balloon,  Belaw thix will be the communications relay und commanid=control
fngtrumentation, ‘T'he next lower compartment will contuin u pucked 44 £t (10,51 m) o
flat oircular main ennapy, The top surface of the canopy compartment witl be per
munhently secured to the maln cunopy in the vont urea and will gerve as the base for
the compartments above, Tolow the maln canopy compurtmont will be the compant-
ment for the eryogoenic helium storage unit,

A 3B B (10,07 m) eing sull parachute hug boen tontatively selectod (seo Section
4,40 1) Tor nchiaving extraction und firat stage decoleorution, A 200 4 (80, 8 m) line
will wepnrate this chute, referred to as the "drogue chute'' from the A1LHS module
and will ha fully extended at tiie time of extraction, Whon the avatem desconding on
the drogue chute hur renched equiltbrium veloeity, the cryogenie unit will be came«
mundod to soparate from the reat of the module, froee fulling and deagging down the

f muth conopy lines with it, {ncluding o conter vent pull line, (Figures 7 to 14, which
" . apponr tntor {n this roport, should be condulted hare for n clearer undevatanding of B
3 Q . these evonts,) Whon the main ohute inflates, and the array has reached a new E

oquilibrium veloeity, the drogue will be disconnocted from everything but the apox
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of the hanlloon stored on top of the main canopy: The unleaded drogue will then alow
down, while the muain chute accelerates, ''he velocity differontiul {a expected to pull
the balloon out vertionlly until there {s tension betweean the two chutes uguain and
anothet equillthrinm veloeity (s nchieved,  Inflation of the balloon will he initiated
at that point und will require nbout 5 min, 'The drogue will be cut away nbout half-
way through the inflution, When inflution {a complete, the ATRS bulloon will pull
away from the main eanopy, carrying the communlention relay payloud to flout
altituda, The Inflation hardware will descend on the main canopy,
The entire sequence Ia expected to tule appraximately 8§ win, durlng which
time the systom will huve descended from 28, 000 £t (7, 82 kin) to approximately
18, 000 ft (4, 877 km), . o _
When the foregolng sconario {8 analyyed, many dikcreole segquential "oventa" oan
bo identitied, A veltnblo eriterion of the validity of w bulloon drop tost 1a the num-=

~her of guch eventa und time sequetices common ta hath typoes of deploymoent, that

iy tlreraft deops sied bullaon drops,  Clearely, the higher the number the more
vulld thoe toat,

Table 3, (Section 4) Uete and nasipgne dentifying numbers to the events and

timen for nhalloon release, ‘T'he Hating (heludes not only the actuat drop from the
haloon but nlgo 11t subsogquent events until the completely~infioted ALY hulloon
pulld away from the main ennopy and starts to neeend, Bxeoept for ninor differ-
enoes in completion times, w whmilne Hating of events for an aleeraft eolonse would
be fdontieul, after designuted event 2b, whon the drogue hus reached equilibrium
velogity, (See note 7,) Since the completion of event 2h occurn within the fiewt

10 see of 1 J60«mue procosd atd dinee Wil ovonts subMedguent to cvont 2h o idens
tienl, rvegurdleds of the drop method, it would appear thut, in keeping with the
critorion presonted above, u ballaon drop tost (4, ndeod, w vidid systom tent,

7. Halloon drop steps db, and earlier, diffor from vuarly ateeealt deop stops he-
couse, o the (nittal phase of the nireeaft nh‘n!l. the drogue 14 ot Tenst pave
tnlly iuflated before the module (8 veteascd from the cnverier (Riguee ta),
It the balloon drop inftial steps on the other hand, there {8 o (reeefall
perfod o about four sec while the extension Hoe s deployed, This oceurs
bofore the drogue beglnn Lo apen,  Moreover, systeom nttitude (s vertieal nt
all timer tn n bualloon drop, wheeens o teansintion of the g aystem
from horizontal to vortleal mttitude muast be necomplirhed inoun afveralt
deop (Meure 4b),
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B4 The ALBS Specinl Balloon

Mentioned carlier na n prorvequisite flight tust item was the specinl A1.133
balloon designed for mid-air Influtlone This is the balloon which will he compuotly
“stared in the ALDBS module in an uninflated stute, 'The (nitial dasign of thim balloon
has been astablished and three bulloons are currently being built by Wingen Re~
wenrch, The,, to thut degigh,  Avallability for test purposes seonis asgmired, thore-
fore, -

" As with the parachute deplaymont proceas (Yection 3, A) thers are uncertnintios
cotnected with tiie nid-ulr inflation of the spacial ALIS balloon, These are relnted
to nssumptions employed with vegurd ta the hellum teansfer rates, the billoon
"bubble'" drag coefficient, the 1t to mass ratio, and so forths (See Section 4. 4,4.)
The dynamie hehuvior of the hulloon {tself while the Influtlon process is going on s
ulno very important and not completoly prodictable at this time, 'here is somoe
four, fér example, that the balloon miay fwisl during inflatlon, pinehing off s gas
supply tube and cuw n'np,' t to hurat, thus aborting the miasion,  Also, no congidera-
tion has been given to b -asibly adverse horlzontul wind offects,

1t would Do destrable to resolve td muny of thede uncertainties as possible with
dummy testa, to avold ridRing the expenslve flvable cryogenic unit, “I'he 151 Contro
tosty (Nections 3, 8 nnd 4, 6) will effectively do this with resapect to decelevator pors
farmunee darise the bolloon oxtraetion process and, in addition, will test the sue-
vivability of the proposed guw tranafor hose, made of 3-odl (0078 cm)d thiek,
Bod=in, (24,5 om) wide toyflat polvethelone fubing,  CPhis hose will be attached to
the contor vent pull Tne, Section 4, 4,000 "The (nftial hballoon drop teal{a) (Seciion
4.08) will complemaent the B Centro demonsteations und vesolve othe t uncetaintios
gueh a8 thowe ngrocinted with drops of hienvy landa from careler balloons,  'l'he
setuul midenie (nflation of the specinl ALBES bolloon ennnot be simulated, however,
ikl demonatrating the feasibility of that procoess will be one of the miajor gonly of
the "Hyve! primaey tedt of June=duly 1770 The preceding dummy-orfented testy
will, {t {8 hoped, contedbute substitially to o smooth proofaofeconcept teat doemon-
stvation nt that time,

An nomatter ol interest, the fully inflated ALES hballoon will he considerably
sudler tian the caerier balloon from which the module will he dropped (o volume
of 187,000 i (dedda m"‘\ for the ALBS bulloon va one of approxhimatety 800, 000 l‘t"‘.
(22600 m:‘\ fone the indtiatly=gelected cierier nllosn),  See Bection 4,4, 2, note 1 ing)
e ALES halloon witt have two novel features which nre heing addoed to moet the
spretal midente infintion requdvement: an internnl inflation tube, pabning nlong a
gore from base to apex, and o speciul buse end fittlng whicl both supporta the
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ALBS payload and necommodates the inflation tube, This balloon will ulso be
ruefed, to protect the sluck material from buffeting during the mid-air inflation
procasd, Speeificutions for the gpecinl ALY balloon are given in Appendix B,

48 The Paravhate Subsystem

In Section 2,4, mention wns made of the "eomplicated pnrachute subsyatem res
guired for auccesaful mid=nir deployment of the ALBS," 1t should be stressed that
this subsystem is-configured around standard purachutes nnd that no paraahute '
development {w onvidioned, 'The complicntions ariro from the intended use af those
parachutes, To appreciute the nature of the complication, it is necessury now to
exumine the mid-air deployment problem {n greater depth, (See Section 4.)

Ad we conduct this exnmination it will hecome obvious that thers nre many .
questiony yot to be resolved, Nevertheless, there appesars to be no compelling
Teason why the planned tandem parachute system will not do the assigned job, The
muny culetlutions enrried out to reaoh the valuos entered on Table 2 and diseusaions
of the aystem with experionced patnchute test porsonnel have ganerated enough
confidoneo tn the planned nreay to praceed to AT.BS parachute myatem 1light testing
at 18] Centro using dummy payloads, 1t {a to e expected, of course, thut those
tents will introduce refinements to the geners! concept, which, {n the long run will
nid ovor-ull aystom developmont,

WO The Brlmnry Test Man

With the hopeful nmsumption that bulloon drop teat validity hus been elonMy
ostablishod (Rectian 3, 4,4}, and with the demonatrated nviitability of the eritical
tost components (Nectiona 3,32, 3,4, nwl 3, 6), the digcusnion will now continue 3n
the buals that the primary teat plan will be to drop u complete ALTS module
{including the ecryogenie unit of Figuve 1) from n earrier balloon. 'The tentative
apavationn! detuils of the plan nre ne summnrized on ‘Tuble 3 und covered In depth
in Nection 4, Tho acheduled time pariod for careying out the planned bulloon drop
of the complaete AL UN module 18 June=duly 1077, The puruchuto system tents to be
conductod cariter from C-130 aireraft ut K1 Contro (Novembor 1RT6=lanunry 1071
und the plunnod dummy wyetom dropa from o carvler ballaon at Holloman AN
(Mupreh=Apeil 10773 nre, in offect, dreds relicarsnis nnd subuyatem shnkedown testn

pring to execution of the privnnry toat, NHecause thay will be basod on the eventu
plannod for the primury test, they will not be desaribad 1o wny detni) in this report,

[
£

r Ve R et b S gt

fsaezsna,

s ‘-‘i‘;» R R ‘._',4-

i

it

LR Liimsem s LB P




et

&
%

[y

S T T T T R TR

L

o e e

4. THE MID-AIR DEPLOYMENT PRODBLEM

4.1  Ceneral Considarationn

The mid-air deployment problem simply stated s one of bringing about the
controlled descent of the ALBS module after {t hus been launched from the carrier
alreraft (or balloon), while, at the snme time, using elements of the deceleration
system to extraot the folded ALBS balloon from ite container and to streteh it out
for inflution, : - o . :

iIf controlled descent were the only requirement, there would be no problem.
Standard alr cargo extraction and deceleration systems would meet the stuted neods
very nicely and would require only routine operational prepurations, The problem
arises from the second functional element, the need to deploy the balloon vertically
(and gently) to its full length=102 ¢ (31, D m)=while the entire array {2 descending,

4.2 Parachute Arenys

It is olear from previous discussions of the ALHS operationnl scennrio (Sec-
tion 3, 3.4) that at least two parachutus are needed for mid-alr deployment of the
A1.B8 gystem: a smaller upper parachute, called the "drogue chute," and the lower
and larger main parachute or "main eanopy, nl

4, 2,1 EARLY ALBS PARACHUI'E CONCHPTS

Pigure 8 shows the parachute array originally proposed for the ALRS applica-
tlon, 1 A can be seon from the figure, thut nreny (s deaigned for deployment of the
A1.BS balloon below the main canopy, In this report the above-the=muin canopy
deployment methud will be the preferred mathod and the arruy to be deseribed in
more suited to thut method, Thin preference is based on later engineering discus-
sions at A¥QL in which {t was ennoluded that tha belowe-the- main eanopy method
subjects the balloon t6 excénsive atraln und Introduces the probability of matn:
chute collapse as the balloon begine to fill, 1t also causes an incrensge in vystem
welght by requiring an extrn recovery parachute, since the main chute cannot ha
used for that purpose, Helow-the~-muain canopy deployment will vot be further dia-
cussed and Flgure 8 will be regurded us un obeolete cancept,

. A possible third parachute {8 a weparate "extraction chute" to pull the modute
out of the aireratt, It is probable, however, that the drogue chute (posaibly
veefed) will serve also um the extraction chute {n any operatianal AL1S
system, [or that reason the ALRY flght teats ave configurad around
twosparachute system, Igure b shown a separate extraction chute, #s well

an the drogue and main chutes, ‘The deploted configuration (a for reference
purposes and does not reprosent current planning,
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208 CURRENT CONCEIMES

¥
[T

gwres @ through 18, which appear jater (n this report, deseribe the various

deployment of the parachute areay now planned for wae tn the AL WS

stuygmh in tho
tedt program,  Although a cavrier balloon appesrs in Plgure 8, ut the start of this .

aequence ol Husteatlons (page 31) the urramroment ahown, minus the safely ehite ik
¢ wihteh woulid be used

amd brtloon tond bae, 18 basfealty shinilaye Lo the ureangomen :
For oxample, the syatem Husteated in Plasiee Tu, 1

fn n launeh from g ajreralt,
Hhee (0 one deopped from g buatlooy

(e 41 Drogue Chwte Deployiment, colild he o
tod from un slrernt and shown after the horlronta! camponett of

oither cune, the madn vanopy wonld be packed ot thid
omplinh the nitint deceteration tnak (flrsg

ar () one extrag
wotian had disappenvoed, o
polnt and the dragae wlone wohd nee
stige decoloration),
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Parachute clusters arve fuirly common, particularly in the dreapping of very
heavy cargoas, Vertically-separated tandent arrays, such ng the one proposed
here, ure less conunon hut ure used in specifte applications such as in the re=

. covery of deone afroraft, ‘The top londing of the main canopy and the alternate
unloading and loading of the desgue chute during the main canopy deployment and
the ALRS halloon extraction process (Figured 8 to 10) represent a marked depare
ture ferom sttuidard parvachute techniques, however, and introduce uncertainties
that can he resolved only by actunl exporiment,  ‘T'hus, the testa to be conducted
at 151 Centee ngrume critical importance {n this report.

44 Thop Altitude ’ - i

Hoth the paprachute nyatem testd to ho mude from o C«130 alrernft and the drops :
to be made from a carvier balloon wiil utilize a 26,000 ft (7, 82 km) roledse altl- = : ‘
tmlv.” This altitude s heen setectod heeaude 1L corvenpondd to the maginmum
allowable oxteaction nltitude of C«130 operations, o factor which iw governed by
A oree rogpulntions with vedpect Lo evew salety, 'I'ws, the 20, 000 1t altitude
pusition becomes the Key point of refervnee in the drop regquence,

4ot Requener of Events

doh 1 GENENRAL

g I both types of launch (balloon tnd nireealt) deveral apecifle "ovents' will
follow the relende commuand (Nection 3,3, 0, The evonts arMocinted with the res
lease of the Hve ALRE module from a carrtior halloon ure {dentifled fn'1'able 2,
along with the estimated altituwdes and times at the complotion of each event (1tge
uren 8 through 13 deplet the major events (n this sequence,) CompRrable atreralt
drop events upe not soparately Hated here but, as uxpluhwd (n Section 3,4, 4, ape - N
fdenticnl to those spectfied for the bulloan drops in Pable 2, once event 2b has

i

beon completed,
Per the data Himttations of Sectton 24 6, the Hime, altttwde and veloeity valuea
ahown in Table 2 for the balleon drops ape, ot host, approgimations, ‘T'hey were
obtuined by Aelecting spectfic purachute sives and types (in this cade, for example,
k4
0, Wpom a ganoral opurational polnt ol view the 20, 000+t drop sltituwde 14 cone !
. sidored highly desirable in that {1 reduces the thae required to put the relay ) "
on station (the ballonn has & shortor distanee to climb), and nlso allows 4
vortical maneuvering spree over mountathous teerain, Speeific opeeationnd K
congidetationy may dictate the tae of 1 fomewhat lower nititude, howover,
3 -.;é!
3
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Table 3, Sequence of livents, ALBS Mid=Alr Deplayment

(Carrier Ralloon Used ar Drop Vehicle)

3 CVERT | CURBLATIVE PYENT CUMFLTTION EVINY COMPLETION
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® 35«ft diameter (10, 87 m) ring sail drogue and a 84«ft (18,81 m) Tldt cireular main
canopy) and by employing standard equations for determining acceleration, decelera-
tion, drag, equilibrium velocitles, and so on, In almost every case some starting
or governing assumption had to be made, The various sections of thie report and
ite appendices discuss the ouloulations and ngsumptions employed to reach the values
" entered on Table 2, [n the end, the true values lor the events listed will be known
only after the completion of the experimental program, .In the meantime, the values
are consldered adequate for guidance {n plhmﬂng ﬂight instrumentation and command«
contral equipmaent for the test program, They also show that the inflation sequence
will be completed at an altitude which provides both a safe cleurance above the test
tange terrain and & margin of safety (height wise) to accommoduté aome error in
caleulated event completion times,

It should be mentioned here that the cholce of a 36=ft (10, 87 m) ring sail drogue
wan based on theoretical considerations and does not reflect the actuél_ nvailability
of ihis parachute, Other possible contenderas are a 43« (13, 11 m) ring sail chute,

a 40=ft (12,1 m)ringslot (heavy) chute and a light-weight 32-1¢ (0,78 m) ring alot
chute, If a drogue chute other than a 36«ft ring sail s used the velocity and altitude
values shown in Table 2 will no longer apply, except a8 rough approximations, und a
new Table 2 will have to be constructed, using the same methode of caleculation,

4,4,2 BALLOON DROP, EVINT NO, 1, FREE IFALL PHASH

As hown {n Table 2, the first balloone=drop ovent has three parts and will bes
gin when the "releane' or "drap" command {8 given to the carrier ballnon (1lgure 6),

At that comniand o pyratechnic "squib’ will be fired, causing the lond har of o
special shackle (lenney releare) to pivot downward (see detail, Figure 6), Thoros
upon, tha four suaponslon steaps with steel ring end fittings, which, in conjunction
with the Tenney release, connect the 1430 lh (844, 6B ki) ALIS mmlulu:10 te the
carrier balloon, will alide off the 'enney load bar, This relense action, which
initintes the free«fall descent of the module, has heen destpnated ovent 1n nd (#
expected to take only 0, & see,  No altitwde change {8 involved,

10, The 1430 Ib (848, 66 k) module weight Hgure {s baded on the Haure stated in the
prapoded operationnl scennvto (Section 3,3, U oneludes the welpht not
ohly of the systom which i eventually to ride Lo Foat altitude but alse of the
wdditional camponents nevessary for mid=nie doployment and {nflation, 'I'he
latter itema will parachute to cavth when the (nflation operation 18 comploted,
(Refer back Lo 'I'able 1 for o system welight brenkdown, )

Caution:  No provigion hos heen mude (nTable 1 for possible parichute balinst
welihts,  During the 1 Centea fosts, various ballast combinations will he
irled, to determine how much hallast 14 needed, 1f any, {0 agsure positive
aned vapid Inflation of the 84«8 main ehate and Lo compensate for the effeets
of apex loading, 11 such ballaating proves necessary, the 1430 th module
votght will hiave to be reviged upward (see alan Section 4,4, 4), and the riata
of Tahle 2 w1} have 1o be vecaleulated,
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The pneked deogue chute remainsg attached to the carvier balloon auring the
succeeeding four see, which {8 the free=fall duration vrequired for deploviment of
the 200 't (60, 98 ) extension Tne, (During the Tall, one el of the Hne is attachoed
to the ALRS module, "the. other 16 the prered deogue, ““r Thig actioh aonatituted
event b, The purpose of the extension line, incidentally, 18 to provide suffieient
vertichl clearanoce between the two parachutes later oh so that the wake rormn thn
miin chuté will not adversely dffect the performance of the drogue,

When the oxtema{on line slaok {8 used up (at the end of event 1h) the drogue
chute will be pulled oul of its naok located in a shield attached to the carrier bﬂllOOh
and |t8 {ines will hecome taut in about | sec, ending the ALIS (ree=rall phase, ‘I'hia
{s event le, 'Total elapsed time I8 5,8 see ut Ihis point,. ‘I'he module has fallen
approximately 328 & (09, 36 1) and has resched o downward veloclty of 145 ft/sec
(44,20 m/sec), 'T'able 3 showa the velocities und height differentinle with time
agnociatet] with this freesfall petlod, (Neinded«ofl Table 3 velocity and 5 AT
values for 3,8 and 4,8 sec have been uded i1 Table 2 for oventd "1h and e pvon
though the cumulative completion times for thowe eventr are 4,0 nind B, B soe,
raspectlvely, ‘'he 1=sec.lifference s wcaounted (or by the none=fall 0, =gec time

of avent 1a and by a built=in 0, B=rec lay to compennate for expected frletion offects, )

11, 'The d«Mee free fall (8 based on the assunmiption that the carrier balloon will
liover momentarily at the release altitude, after the sepuration of the module
neeurs, at least long enough to permit the extenston Hne to pay out and
hecome taut, I the balloon rides (Mee note 114) during thin shaort period, it
will neeelerate the deploymient of the extension Hne and decreasds hoth the
free fall perlod and the downward veloelty of the module at the tHime of
deague cliute opening, ''he effect on the equilibrivim velocity of the dropuc
ut the end of evont 2h will be slight, however,

11, The netual hehavior of the carrier ballonn ut the moment of module reloase
will depend on a number of factors whose maghitude cannot be forecant
accurately at this stage of planning, An obvious effect to be expected {s an -
upward movement associated with the relaxation of the balloon matarial and
with the gain {n huoyancy, ‘'his can be olfset komewhat by roleaning (vatving)
same oithe carrier's UM ng gas and by preloading the carrier with extra
ballamt to reduce the percentage of the carvler's gross Inad lost at A LRS
releade, However, slhoe i heavlly~ballasted carrior balloon must be made
of highe=strongth material, and ainee such balloons are quite expenaive and
ure not well prepredented in the balloon lnventory, estea balludting may be
infeasible, The gross welght which the carrier bulloon must 1t will not he
known unttl after the Bl Centro parachute systom tests where parachute
baliaMt requirements are also being established, Only thentwill i be pouaible
lo adcertain true gross system weights and permissible ballast provisionn,

PR AR YNNI -t F O PO NI IIT

o MehE




-y - PN -

Tahle 3, Tree Fall Chart

Time (t) - Aty -
Sec . At (H) (1t) v (Ips) RULY AU TAM (ft) i
0 0 24,000 S0 0 0 Q :
: 1 i 24,083, 9 -32,2 | 1001 18,1 18,1 LI
. S8 1 [ -24,938:8 | 84,4 . | 48,8 . | -48,1 484,47 . AR S
-3 1| 24,0888.1 .|  -08,8 . -8G5 1 -80.8 -l44,n 4 0 o
3,8 0 24, 803, 8 «112,7 «104, 45 B2, 33 «10%,2 7 : )
4,0 B 24,742,4 -128.8 «120,78 -80, 38 -267.6 .
4,8 B 24,874,0 w144, 0 =138, 88 -88,42 | -328,0 ;
8,0 B ] 24,807,8 . _«1681,0 -162, 85 -76,48 § -403,8 | . o

I'rea l'all Formulas

Vo . V.l

AH1 S -—-—!—- XAt = V RAL

=o-‘-'-‘-’-§'-"—’x1= .6, 1

Av @ =12, fpa (»g) far At = | Hec

. :}t‘orét- 1/2 nec 4
V] " VO+ Av -
= 0 (=32,2)
» =33, 2 fps
Vg o vyt av :
- (»32,2) + (=32,2) d
= =84,4 eto, ' l

4,4, BALLOON « DROP EVENT NO, ¥, DROGUE CHUTE INFLATION

It has hoon agsuimed that the extracted 38 £t (10, 67 m) diam ring €all drogue
chum” will begln to inflate as roon aw {4 lines become tat, It huw alao boen
asgumed that the effective areu of the drogue chute will (noreade lincavly with time
duping the opening, ‘T'hese nsaumptions are in accord with standnrd parachating

12, In an aiperaft launoh, the 200-ft extension line is expevsted to he fully deployed
by the extraction chute hafors the module {8 pulled from the reur of the
C=130 tranapart (1pure 4a),  T'he module will then awing down through a
200«ft nra, and aftor dome odetllations, will begin a vertieal descent
(IMgure 4b),  In thls cuse, the equllibeium veloelty of the drogue chute will be .
uliphtly dfferent from that shown for o balloon drop, ‘I'he same holds 1rue
lor the event 2h completion alt{itude, ‘'here dseropancios will viarey thenugh
the other vventn, but are not signiffeant enmgrh to wareant 1 soparate nble
for afrcrnfl=drop evoents,
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- pradiloea, An-ofenlig trtie Gf -3, B see hay been allowed:for the drogue, using the .

method descrihed in the Parachute Ilundbonk for parachutes with geometric

© porosity, (See note on computation sheet for cvents 2a and 3b, Appendix A,

Table Al,) 'Table 2 shows thit the drogue chute has decelerated from -148 fps-
(44,20 mps) to. <73, 80 rpe (=22, 52 mps) at full opening ancd reaches an equilibrium
velocity of =8, 87 fps («17,04 mps) 6, 3 sea later, at the end of event b (af, Figure

Tad - At this point the drogue is at 24,072 ft (7,337 km), 200 [t (80,08 m) ahove the
.modiile, The opening Akoek 18 2, 18 G, wall within the design capnbmty of the ALKS

module, (See Appencix A for back-up vmnputatlona ) The sehedule now calls for
deplayment of the main canopy,
© YO CARMIER BALLOON

Deployment (First Stage Deceloration)

200
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14, Derformmnve of ind Desfun Creltorin for Peployable Acradynamie Ducelapators,
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4,4, 4 BALLOON DROP LVENT NQ, 3, MAIN CANOPY
DEPLOYMENT AND INFLATION

Up until this point the B4=f (19,851 m) flat cireular main canopy has been
packed in & apecial compartment above the cryogenic unit n the descending A L.BY
module, Figure 7Th laa preliminary cutaway view of the combartmented module,

,Load line fram

drogue ehute
™ Triplaty, Tonney Relowss,
Ayspansion linde, ote.,
(Masitivned on blaitic iray)
Boligen Box Panel - I " i - Bungee Cord
. . - ALBS Nolleen
Hinge (4 sely req'd) - Payioad -
. Restrainieyg Cabie
""‘&!:45\"2' 1 - Paylogd Wabbing
" Aluminym Prome
Explosive Bolts
(4r0q'd) pesivit Main Cancpy and
s > Inflation Tubing
Panai »
(1]}

Paylogd Recavary Chule
ihgluded in payloud
cantiguration bul nol
showh hire

Crysgenic Gas Hiveoge
and Heut Tronstet Unit

IMpure Th,  ALBS Modulo

Idy 'The disensaion which follows agsumes that the destgn ahown in e T will
bo usad, It {8 very Hikely, however, that thy B Contro tests will toad ton
nomewhat differont confipuration, A specint point of coneorn hore {8 1he
intorface hetwaen canopy materinl (nylon) mud pogribly shopep cdpos on the
cnhopy frame. 'Uhe deafgn shown in Phare Th does not ndequntely treat thia

problom aven.
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A mar-activated signal will now re the explosive bolts (o equivalent Jje-
vicos) which have held the parachute compartment together, ‘The heavy cryogenie
unit will immediately rall away pulling down the liney of the 64«0t chute with it,

The top of this ohute remains secured to the upper plate of the parachute storage
compartment (el Mgure #),

The eatimated event completion time for deployment of the main ranopy {a
2,2 mea (event 3a), 'T'hin is the time'® it takes the free=falling cryogenie unit to
move approximately 88 ft (20,73 m) away from the droguessupported componenis,
which are falling (descending) at u slowor vate, 'The-88«t-distance {8 the length of
a center vent pull line which, {in effect, hrings the cryogenie unit up shont hefore
the muin canopy's suspension lines hecome taut, This device I8 conaidored necess
dary to onsure the Huha'equént opening ol the main canopy, Otherwise, with tenston
on the top (from the drogue) und on the bottom (from the cryogenie unlt) there might
not be enough alr entering that chute at the indicatod endsof«deployiment velooity .

(=47, 62 fpe, <14,B1 mpy) to open it, See Table 4 for a synopsis of the main canopy

PSP LIHAN L WM bl

deployment caleulations, In Inglish units,

15, 'Tho actual Umoe vegquived for the R« (20,73m) separation 18 1,70 see(lable 4y,
T'he stated deployment time of 2, 2 sew ineludes an arbiteary 0, b=pec e
period for Hne stretel amd shoek absorption before the madn chute starts (o
opens  During thir time perion the freesfalling maas (ceyogenia unit, mnin
canopy, Mg ube) decelerates from the velooity at the end of free lall
(=113, 4 fpey =34, 84 mpr) to that of the drogue at 2, 30 Hee (=47, 82 fpe,

T Bt mps)y Uil the Tormulng I ma, on 1F W/ = s dv/dt, woe obtain

\ 703 =44, 02) . .
e ey (—m— ST 0L (10020 Re) - vetarding foree (1)
whore

W (1430 « 607) or 763 I (348, 1 k)

uned

tly (=113, 84) « (=47, 822) or =60, 02 30, 12 mpa
¢ 0 [{FHEEIRS {1 h Hed )

P W BB I TR b BHOLTT Lh (170603 o)

0
totnl decolerution foree (3]
Fa  amnt, 11 b
T —w = By LU Gerenvitational force anfis) (3)
13

Pt VAL 2B L O Y 1} i : bk

i,

it b e




3t
RING SAIL
~~ OROGUE CHUTE

SECONDARY
LOAD(HNES T

64 1t
 FLAT CIRCULAR
L MAIN CHUTE
"7 WITH CENTER VENT PULL LINE
{INFLATION HOSE FROM CRYO UNIT
TO CANORY APEX NOT SHOWN)

IMpure B, ALRS PHeht Teorty Main Chute Deployment
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'Table 4, Main Chnohy Deployment Caloulations (Selected Values)
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Netus: vatuer on 1ofy hand stde (drapue) are satraciod !r:: the event. h

computstion  Appendis A, alues on the right sive
aryogsnis unit, sro hated on the freatall fornulas shuwn
on Tahle A, For valeulation purpesas tine intorvals are
0,08 ke, throughout, sven Uhuugh the dinpiay of selvetod
values sesms to indinaty Junger intorvain

The far eight sotumn (FAIoPA,) shown the differente in
distaneo falion, at @ a\vﬁn ol‘pnod Lime, between the
drogue-supported componenta and the feeesfatiihy eryoganie
wnit,

Froe fall ends whan LAUQ-TANL sauaie o8 V6, whieh (2 (he
funpth of the eentor vant pull Vine, The drugus then

eaeries the full lead llcln, adealatating towdrda & nov
squilineium velosity, U2, 30, 1oe, 1LY0 ¢ b seeend,

the eryogenic unlt (s asiuned o have alewsd te thy dregue
valoeity,  That veleeity wreowes the initisl velativy fur the
Rain chute opaning.

cl-vuloullﬁ valus, «A8.90 31,
tuted in thens oa (u}llll:l
ue s .

The abave lr‘tuo (nitd
Kown on Table §

t
was arhitynelly sibat
tar the .II.| m v.?
shd F Bvant b, -

oF t

The nrbitrary 0,8-n8c deceloration time may be shorter than that to be ohserved
in the aotunl test, in which case the error will be on the safe aida,
caleration periods the G load (a leas,) The addition of ballast (note 10, Section
4,4, 2 to the ervogenic unit will work in the other direstion, howaver, and nmuy
#erve to ralme Ci londa above the design value of the cryogenic unit, 10¢, 'The

Bl Centro teats will resolve this point,

The next avent, 3b, main cunopy inflation (opening), involves a major ausump-
tlon: Because the top of the main canopy im under tension, from the Ha7-1b
(434,88 kg) pull of the drogue chute (of Appendix A, Table A3) its opening time will
not be thut of an independently aoting 84=-ft parnchute but rather that of a hypothati«
cal, partially open larger parachute whose fully open area (s the sum of the nrens
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of the main chute and the drogue chute. “The "partially open'' area is the area of
the drogue chute alone, Under this assumption, the main oanopy opening tima is,
then, the time that the hypothetionl parachute, which is assumed to be carrying the
entire suspended load, will tuke to increase [t opan aren linearly from that of the
drogue alone to a value equal to the summad areas of the drogus and main puras
chutes, With a 84-ft main chute and a 38-ft drogue ohute, the respective individual
parachute areas ars 8217 4 (398, m) and 083 #7 (8.4 m?), 'The sum, 4170 #3
(388,93 m’).‘ {sequalto Do"'/‘. where D, 1s the nominal diameter of the hypotheti-
cal chute, A parachute with this area has a D, of 72, 048 ft (23,23 m), For such a
parachute,Tnble 3 shows an opening time of 3,8 sec, based on the above "partially«
apen’ assumption. (See Appendix A, Table AS for event 3b backup computations,)
The hypothatical chute, which Ls the analogue equivalent of our two-chute array,
reaches equilibrium velooity, -28,82 fps (-8, 80 mps), approximately 2, 8 meo Inter,
thus completing event 3¢, Opening ahock {s slight, only about 1,26 G,

The configuration at this time ls easentinlly that shown on Figure 8, The sys-
tem is uow ready for the critioal balloon extraction event. Note that the cumulative
time for the svents thus far is lean than 28 seconda, 'T'he main chnopy is roughly
1800 ft (487, 2 m) below the original release altitude of 48, 000 #¢ (7,62 km),

Refors discusaion of the balloon extraction event (Section 4, 4.8) some qualify-
ing remarks are {1 order with regard to the basle assumption outlined above cone
cerning the opening of the maln canopy, (These remarks will be relevant {n the
balloon extraction discusaion, nlso.)

In postulating the "analogue equivalent' parachute, no consideration was
allowed for poanible distortion of tiie drogue aa it became partinlly unloaded during
the free~fall of the aryogenio unit and then picked up the whole load again when the
center vent pull line became taut, It was treated as n stable, fully open chute
throughouts Likewise no mllowance was made for tha likely panetration of the load
on top of the main aanopy into the opening-up folda of that onnopy, seriously distort-
ing the canopy geometry and normal opening characteristics, Thus, the standard
reference areas, drag noefficients, poroaity values and the like, used to get the
valuesalown {n Table 2, may have to be multiplled by one or moie adjustment
faotors to obtaln true performance values. Since fuctors of this type cun he ob-
tained only through tests such us those planned at El Centro, no attempt will be made
here to guens at what they should be,

The posaibility that ballust may be necessary to improve the opening perforin-
ance of the 84-ft chute (main canopy) and to aid the ensulng balloon extrnotion pro=-
cesa is another faotor which makes vulnerahle the velooities, times, and altitudes
ghown on Table 2 for the sompletion of various eventsa, Oun the other hard, ballawt-
ing may help to eliminate the dlstortion problems auggeated in the preceding purn-
graph, thereby justifying any recomputations that {ta use may entall, Even {f no
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ballugt welght value con be wasigned -t Hus e, b cen be asswmed that o Ballisted
ystom will fall fuster, and will have lapgor oponing shocks, [t muy alao by n more
pradictuble aystem, howevoer, n torms of preventing excessive downwned exeursions
of the upex lond and of acileving the desired deag at the proper time,

These quulifying romarks having heen stated, the discudsgion will now cantinne ot

o the assumption thut the timoes and othor paruinoeters glven on Tablo 2 ave ponsons

ably valid. ) .
4 4 HALLOON DROI BYENT NO, 4, ATIS : R A

BALTOON BXTRACTION C : : o

The halloon axtraction cvent will bhegin a8 goan as the twosparnehute array s
renched un sguilibrium valoaity («28, 82 fpsy. =8, 080 mpr) ur digoussaed in Seetlon
44,44 (no hallant omplayed, stondard fnetors used)e A thimeoprsgonnrated signul will
now fire o second Tonney valensa (event 4, FPour suspension Hnes, similae to
thoso toleased from the enrpier bulloon In evont Ly, wit) thepeupan be disconnectud
from the :im,,;nn extension Hue (e Y, Thin quickiy (0,8 seed "inlonds" the
drogue once more; thoat 1o, drastiontly vedoucos the weight 18 i ruspending,

Juat prioe to tho firing of this 2nd Tonney relense, tho drogue, ot ovent de
aquiltherium veloclty, wus supporting o lond cqunl to the product of the totul tonad,
1430 1, nad the eatlo of the drogue's pffoetive deag dreea to the totn] offective deng
atea of the arvay, A numoerienl oxnmple of this statomoent (8 prosentod,

Unimgg the effective deag neen vidues derdved in note 1 we Bee that the deoguae,
fuat hofore the second releane, wig supporting the following welght:

7A0,.44
oA

1430 1 (648, 68 k) > 4 or 24N, 20 1h (184, 48 ke,

T8, The vifective diay uvea of o prrachute 14 not the sume ws the sren didegadsd
in Bection 4, ~l.t\f atgd which s normally referee] (o an 8y, the reference area,
whove 8y - n/d Dad, The effective deig neen (s the produet of the referonce
nrea,mu?tlw preachute's coeffefent of diag, e Thumy using the average
Cpy values of 0, T8 and 0,78 for the deogue and inaln paaehates, respeetively,

woabtadn elfective dng arons as tollowsg

Linglleh Unite
1] ‘)
DE2, 1T 07 % 0,78 - THOAB AT ()8 ) Tore the 36t ding deogie chate
duig, pp NJ NOGTD O B1E T H" “ f('“sn) fore thee B4 1 i, oadn chiote
((‘“Hn)l“‘nl.!\ﬂ‘l ()8 Y madne 3163, (LI () 8,) oo the 72,040 14 i,
cambined chute,

Motrie Untte

——— ,
BB 383 o™ x 0,78 dn, 7 1n |nwg ((‘.“Hn) forr the 16, 87 o din, drogue chigde
200, 4oy m" £ 0,70 M, IR m" ((‘”H“) for the 19 B o ding mandn ehute

—m
(40 dmi, ng m- (L‘”H”) for the 23,38 modbin, combiued
chiute

81}
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The remainder of the load (1430 1h « 340, 26 1 or 1000, 74 1) was helng sups
portad by tho maln cunopy (1000, 74 1h s 484,78 kg,

Whoen the relanse occurs (avent 4u) the Tond on the drogue {8 suddenly raduced
from 330, 28 1 (163, 84 ko) to approximately 70 1h (31,78 kg . (Sev notes 17 and 14,)
The drogua then staets to decoleornte raplidivy The anloaded wolght 18 pleked up by
the mualn cunopy which sturty to secolorute, Maln conopy louding fumps from

1000, 74 1 (404, 78 k) to 1360 h (616, 0 ki) The not offoet 18 that the twe paravhutes
Ktart tn'null away rom N‘\-(‘ll other vnrt.lhally. -Hmvwm‘. they ave sl jdiﬁud
foasoly by the necordinn=pieRed ALHES balloon, the lop of which s atill attached 1o
the drogue extension Hne, (''he base of the balloon {s socured to Lhe main sanopy
apex, ) Sinee the drogue, oven though decelerating st had deag, L derves s nn

17, The 7010 (11,70 k) load on the drogue ot the momoent of separation {8 hased on
the ugrumption the diogue now Nupports anly 10 percent of the balloan weleht,
that {4, 10 percent of 180 1h or TH 1h, plux the welehts of the estension Hne,
the hardware attached thereto, od the deopae's own welpht, 'U'he total
welght of thede olhew [tome (0 02 by (Refer hiack 1o '"able 1 ot sydtom
wolght valuesy ) Pids iw ot oo statie Toad, however, ol will fnevease, s the
bualloon I pubied out, from g inftinb 70 th (18 82 to e flnal 232 1h (180
82),  (In meteie values the fnereade (8 from 31,76 ke to 108,290 ko, ) A
sevoind assmunption heee fo that this transfer of fow:d baek to the drogue will .
oecur Hnoatly ovor the thime pestod regquieed by the estenetion pracess, Ny o
making this nasuniption we cin progise the geaduad chinnaes i spoed of the
two chittem and, thus, caleolate the time reguired 1o extemd the balloon to {tx
fult Tength, Phe chamres (o #poed aedse feom the foct that, s the deopae
geadually bevomes tonded ngnin, it starts Lo speed upe The madn ehute s : y
gradually losing wolpht, of couese, wo that it s shinultaneously decelerating, ’ '
At The vid of event A, the twe chitdes are moving apart ab n sposd of npprox e
mitely 6, 8 (ps (1, 08 nope) as toted on ‘lable 2y («20, 89 fpe) = («23, 21 tpa), . R
See AppendiX A CPable Ad ol AB) for computations ol the poptormnnee of the : - -
two elgtes during the estenction procesds,

1R, The sudden unlottding of the deogue nt evont dn inteoduees onee minee the type
of uneeptainty discursed in Section ded, 3 v connection with matn chite
deployniont,  The deopue oy not simply deceloeate, that 8, roduceo (s
vate of deseent, Bomny cven move apwois g hecome dintorted aa s
suspensfon Hnes and the 200« oxtonsion Hne relas,  Uhag, indtend of o
stmooth, Hnvarewithetimoe wlithdeawal of the halloon rom (U storage cons
tutner thoee may be a derted of uneven pulls and posstbly dote tevnd dis -
placenient at the same time, The veefedy veeordion=pleated hidloon nudere«
fol e expected to stivvive o rendonnble umotot of voush feeatinent th this
pogenedd, but overall sestem stabitity may be marpinal, U B Centro fosts
will atterpt 1o vesolve thid aneertafoty by extencting o sinlntod ALRS
Badloon (0 108« Tongth of heavy rope) ferom a confudner on top of the ain
canopy,

BRIl ; i
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"anchor' Inthe #ky 1o suppoet the top end of the :\I.Hh" batleon, thus effectively
pulling it up from ita storage compartnent on top ol the ain chute, !

The ahove cstrrotion evont (4h) requives 0 seg, the Hmo it taked the two chutos
to mave apart hy 108 0, which {8 the length of the special ALEN batloon, When the
My extended batleon (1Mgure 10) 18 tawt the coupled twoschute avray {a {n effoet
again and u new equittbeium veloeity {8 attained in 3 see (=248, 20 fpa, =8, 00 n\ps).
I'his completes svent dx, I'ho balloon {8 now ready for the inflation process,
event b,

14, 1f we exnmine the behnvior of the 36« dlam, drogua during the extraction _
process, in the caleulations of Appendix A (nble A4) it {8 ¢loar that g, the
dynamic pressure, quickly drops to u very low value, 0, 11 pet (0, 837 kg/m?),
{deally, according to the Parnchute Hune k, ¢ should not dip below 0,08 or
0,3 pal (2,44 or 1,048 kg/m<), liven with the aksumption that the drogue doer
not boeohie sorloualy distorted- or displaced at gvent 4a, there is atill u
dueatinon of whather it will remaln (nflated at such low g values, oy thia
roenAon uoring slot chite, with o lower coofficiont of drag (0, 56), may actually
he a botter vhiolee an o drogue chute (see note 20),

The matn chute's o (Appondi A, 'Pable AJ)Y hovers around 0,8 paf throughout
the extraction, but in the calowlations no provigfon wink made for possible
distortions of canopy geometry as the apex load pushes down on that relatively
rlowsttoving (=329 fpe) chuta,

Stnee the dynnimic presgure, o, {8 o funetion ol atmospheric donsity nnd systom
vetoodty (q = 1/2p VéE), for u given altttwle, q can be ineretsed by inereasiing
wystem veloeity, ‘Uhis {8 wheve the attractivenesas ol ballaating the load
utnder the ddett chute Hese By tncveasing that lond the maln chiute witl be
made to Ml fartor (koo formutn, note 20 below) und 4o bulld up "q'', thus
vestsrting the tendency of the upox lond to sink Into the canopy and to dintort
e greometrey, (On the other hitnd, the uneertainty mentioned {n note 14,
vepntding the unloading of the deogue, may be exacerbatod by buallamt{ng,
sinee the foms of weight oxperieneed by the deogue In event dn [0 therehy
increnned, )

20, Eaguilibrium velocity, that ia, the velocity of the dewcendluyg aystem in the
steady atate condition 18 determined by the formuln below,  (Note that v,
increasod with theveaned weolpht und/or decrensoy Uiy Her nate 1,
nevended Vo means o higher value of «.)

1/3
LW
1 Pust,
?

T (Cl)su)max

where W « the wel{ght of the nystom, {ncluding the purachute,
Py, * mean nea lovel donsity

vy = patlo of the denaity at altitude 11 1o that at MSI,

V‘, oquittbiium velacity at altitude 1, Thia {8 called
H the termingl velooity when uititude 11 {8 nt
qrouind tevel
<y eoofficient of deag of the paraciinte
]
# 1)

« peferrng 3 3 1 Tt 1
SO refervnoe avea ol the parachule o)

) maximum effoctive aren of the parneinte

Y
« DO 'max
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4,4,8 BALLOON DROP EVENT NO. 5, BALLOON INFLATION

At the end of event 4c the balloon has been fully extended and is taut (sae
Figure 10), [ we assume that the unint‘lated balloon contributes no effective drag,
the total system drag area is the same a# it was before the extraction, 3163, 10 it?
(293, 88 mg), which {8 the mum of the effective dray areas of the drogue and the .

_main chute, (The balloon is treated here as Just an added line between Lhe two

chutes,) The drag force on the drogue {8 then 339,28 b (153, 88 kg) as caleulated
in Seetion 4,4, 8, and that on the main chute {8 1080,74 b (404,706 ky),

When the balloon inflation command {8 now glven, “the procens beging whereby
the lHquid helium in the cryogenic unit below the main canopy is converted to the
gaseous state, warmed and transferred up to the waiting balloon, Although the pas
staris to flow almost {nstantaneously the complete event g a long one, requiring
an estimated five min for transfer of ail of the gas, During all of this time the
ALRS array {s losing altitude steadily, but at a doereasing rate of descent,

Two Interesting nnd ntevacting physieal changes occur simultaneously during
the tnflation process, both of which have a pronounced effect on the dynamics of
the event, i

I*{rat, am the Uquld helium changes ovor to gas and enters the halloon it ards
huoyancy (poritive 1Pt) to the systen, neutrallzing some of the weight previously
supported by the parachutes, ‘Thum, there {8 a steady diminution of system weipht
(WS) apparent on ‘'ahle A, which 1iats changen in various saystem parameters dur-
ing the balloon inflation, (The theremental loss of WS in matched by the Increase
in §Al, buoyancy,) Uecause W {8 decreasing there I8 an aceompanying decroease
in dystem descent velooity, per the relationship shown In note 20 in the praeceding
section, This can be observed in the column headed Ve on Table 8, (Not ull of
the deceleration shown in the V,, column {d the rasult of tha added busyaney, Snome
{r due to {nereased system drag, as explained in the next paragraph, andtn in-
croasing atmospheric density,)

A second change {8 that the gas bubble formed at the top of the balloon udds to
the total et‘!‘evtlve dray area of the system (C )‘O) o 1t will be ween from 'J'able 5
that ((‘ 5 0‘ inereases throughout the {nflation process until the drogue cutaway
actlon. At thal point, there is a step decreade to ghow the loss of (C iy n) for the
drogue, The reducod ((‘ ] vnluv then beeomes the atarting point for o now
lncremontally-lnvvc‘nau(l syﬁtem olfrntive dray avea, the augmentation of which
pera{ats until the hatloon ta fully inflated, (The incrementil Increases in ((‘.”Sn)s
are equal numerically to the increases shown under the (CDSO)B column,)
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Ho| o | /| ar [ Lm|ar fzar| Vel q ZAMHe ZL W | Ve
3 ) | ° | (Atm) |TempeK| Ratlo | (sec) | (soc) | (tp3) (paf) 1 1) | (Ib) (ih) | f¢
é 23400 | 47444 | (3892 -— - | .28,20 | s — — 1430 | -
g, 200 | .47778 | .do16. ) 259 | 8,993 | 713 7,13 | <2790 ] (4422 2,426 | 14,538 | 1415.40| 4v6,35
5' | 23000 | .48108 | .d0s1 7,212 | 14.342] -27.56 | 4346 | 4.879 | 20,242 | 140070 989.73
= - '800 | (48442 | 4086 A 700 | 21,6810 -27,242) 4275 70361 | 44,12 | 1385.88 | 1480.32
g 400~ | 48779 | (4121 -1 9,383 | 20.024] -26.033] 4207 9.873°] 59.167 | 1370.83 ] 1968,61 |
v 400 | 4117 | L4156 ! 7.468 | 36.492| -26.63 | 4142 | 12.413| 74,39 | 1386.60| 245425
. 200 | 40487 | .4192 261 5.040 | 7.582 | 44.044| -20.34 | 4080 14,088 | w800 13410 | 2vdn.87
L 22000 | (49708 | L4227 7.6% | 51.680| -36,04 | 4016 | 17.581 [ 104,43 | 1328;87 | 3417.68
#_ 800 | 80142 | .4263 7,728 | 50,403} -25.75 | 30854 20,200 | 120,04 | 130000 | 3895, 30
v 600 | (30487 | .4300 7.810 | o©7.213| -25.46 | 3893 23,866 | 135,83 | 1204,17 | 4300, 58 ) 2
S 1 400 | .s0834 | L4336 - o ] 7eee 96.112] -26,18 | 3831 28,554 ] 151,79, | 127821 4842-5§._dfi
3 200 | .51188 | 4373 263 5,887 | 7.087 | 83,009 -24,90 | 3776 28,272 [ 166.44 | 1263, 50 | 5312.32
5 21000 | 51534 | 4410 8,077 | oi.178] -24.02 | 3715 31,020 | 182,02 [ 1247,38 | 5779.83
E gon | .sl887 | (4447 8,170 | vo,a4s] -24.34 | 3655 33,700 £108.98 | 1231 02 ] 6245.25
3 600 82241 | (4485 8,265 | 107,061 | =24,00 | 3505 36,611 | 216,83 | 1214,47 J 070740
400 | .52397 | 4523 y 8,362 | 115,07 | -23,78 | 3535 39,455 | 232,27 | 11w7,73 | 7107,
200 | .s2086 | 4561 265 8,838 | s.4s58 | 124,43 | -23.82 | (3482 42,332 | 247,01 | 1182,99 | 7620.41 i
20000 | ..53316 | (4589 B,556 | 132,99 | -23.24 | 3423 45,243 | 203,99 110100 | 8083.40 ;
800 | .53678 | 4638 B.660 | 141,05 | <2290 | 3303 48,187 | 281,17 | L14B. 83 | 853700,
600 | 54042 | 4677 8.766 | 150,41 | -32.67 | 330 51,167 | 208,56 | 1131,44 | 808y, %0
400 . 54407 4716 R, 875 159,24 22,380 L3244 54,183 | 316410 111864 | 9440,.50
200 | (54775 | 4788 267 5.784 | 8.520 | 176,81 ] -24,565| 3027 57,237 | 33100 | 1050,94 ] 9890, 89
1poon | .55144 | 4798 g.107 | 176,01 | -24.,24 | (3553 00,168 | 348,02 J 1030, 08 p03i0, 70
800 | .35516 { .4835 8.808 | 184,351 | -23.04 | 3782 62,989 | 364,33 | 1023.67 10704, 84
coo | 85880 | 4875 g.400 | 192,72 | -23.08 | 3712 | o5.840 | 380,86 100719 {11008, 55
400 | .56265 | 4915 ) 8,518 | 201,23 |-23.38 | 3640 08,740 | 397,50 | wwo.41 LBl G
200 | 56042 | 4086 268 5,734 | 8,023 [ 200,86 |-2%.00 | 3582 71,671 [410,06 ] 977 08 [IIRR28S
tgono | 57021 | .4997 8,730 | 218,59 | -22.70 {3611 74,308 [427,07 | suo.od [L2273.256
BOO 87402 (5038 K. 849 227,43 22,45 R ERTY 77.042 PG00 IR P ITTR PR
600 57785 | BOBO 8,072 | 236,41 | -d2.14 | 3308 BOL,GB7 |4ud. 00 TRI W VI [KTIRE R
400 |.s8170 |.5122 p.0p8 {245,581 [-21.83 | %208 83,774 l4no.du ] w0704 J330, 00
200 |.58847 |.5164 271 n.684 | w218 fand.r2 | -21one | L3238 Ro, 004 [du3.p7 ] R84, 08 JLARIR
17000 JE8ude | . B206 9,342 204,07 |-21.28 ].310b BON70 1512000 B76,00 Ja247.38
BOO 50337 | .524D B8 275,65 1-20,03 ] 8002 Ny, a0l 530,27 Be7, 74 fldo0d 10
800 | .59730 |.8292 9,627 283,18 |-20.614 |.3018 B, 554|548, 81 M, 1 aunlob
400 |.o0125 |.5335 | p,778 |26 20020 L2044 09,867 |nu?, 64 1 K20, 30 [I6NH1.44
200 60522 |.5aM 273 I INE] B.9p2 | 302,80 {-20,038 | . o887 103,203 |R41.71 K6, /R fh700,00
16000 60821 422 ‘ 10,068 |at2.od |-lu,70 12812 FOO, 64% Yoo, ok 8700 Belol Ko
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Vo | de |(CoSpls|(CoScls| D8 | Do | DOw |
(3 e L) L2 Loab) | oub) | )
1430‘ —— o 3163,19_ --- — 339--26 1000.74
F1418.46| 496,35| 9,824 | 3201.00] 37.00| 16.757 | 331.84 | 1066.87
1400,76| 989,73 12,3651 3223.22) 60,03 26,00 | 326,13 ] 104853
1385.88 | 1480,32 | 14,140  3241.71] 78,52 | 33,509 | 320,83 | 1031.49
F1370:83 | 1068,81 | 16,85 | 3208.14] 94,52 30,08 [ 315.74 | 101514
1385.60 ) 2484.28 | 16,74 | 3273.18] 1o0v.00 | 45.55 | 310.80 | 999,28
1341,0 | 2030,87 | 17,77 | 3207.17) 123.98 | 50.88 | 06,15 | 984,27 LEGEND
i 1325.57 | 417,68 | 18,60 | '3300.35] 137,16 | 55,09 |s01.41 | pep.o6 m—
A__ison.va 805,30 | 19,82 | 3312.85| 149,66 | $0.18 | 206.74 | 554,08 H  aititude
il 120a.17.] 436988 | 20,28 | 3324.77] 161,58 | 62,89 |292.11 | 939.10 :
: ot o mospheric density ratl
#1278, 21 | 4842.58 | 20,99 .| . 3336.22| 173,08 | 66,20 | 287.52 | p24.30 atmospheric density ra °<’_-
W 1263.50 | 5312.32 | 21,65 | 3847.24) 184,05 | 69.48 | 283,20 | 910,79 P atmospheric pressure
| 1247.38 g.m.sa z.mv 3357.89] 194,70 | 72,33 278,78 | svo.28 L/M  1ift/ mass ratie
1231 02 fo248.25 | 22,85 | 3368.20f 208,01 | 74.93 |274.28 | a81.82 ratio b, 1ift/ ib. gas
) 1214,47 | 6707.40 | 23,40 | s378.20] 215,01 | 77.30 | 200,78 | 8e7.30
o) 107,93 | 767,73 | 23092 | 3387.02] 224,73 | 7945 | 208,31 | 852,07 4t time differential
" 1im2.00 | 7626.41 | 24,42 | 33p7.41] 234022 81.86 [ 261,31 | 840,13 TLHt cumulative differenticl
- 1ol | 8083.40 1 24,90 3406.68] 243,49 83.34 WAL, 80 825,81 Vq ‘y“.m oqu“.b“um descent .‘
L 11am.88 [ 837,02 [ 2803 | auis.0f 252,80 | sd.n3 | us2.40 | os1n,s0
1 0131,04 {uowp. 30 | 25.80 | 3424.55] 261,36 | 80,35 | 47,04 | 707,18 q dynamic pressure A
? 113,64 1944059 2(1.2‘2 335,221 270,03 ] 87,61 24%.47 182,77 TAMHe cumulative quqn”'y of H."
=11050,04 | u8po.80 [ €883 | 2601,20] 278,55 | 109,39 0 947,54 | 4= Cut away it
| 103908 hos10.76 | 27.00 | 2uw.12] 286,38 | 110,34 p20.64|  drogue here, ZAL  cumulative buoyancy added.
1 1023.67 070484 | 27,34 | 2706.37] 203,63 | 111,00 912,61 W,  over-olisystem loading on p
; 1007, 14 J13o98,85 | 27.08 271%,5%) 300,79 1 111,64 895,51 . - L o g
1 990,41 lt1ant.on | 28,00 | 2vau.50] 307,88 | 112,07 878, 34 Vi volume of gas bubble
p77.0% jLine2, 85 | 28,31 2727,54] 314,80 ] 112,76 864,27 dy diarmetar of gas bubble
pou.os 1227325 | 28,02 | 2734300 320,05 112,08 #4710
fol effact r
i | vaz.so l2o6s, 33 [ 2892 | 27a107] 32,43 | 112,00 B2, 84 (CoSo), total effective drag area &
2 CFLI N (R UR TN ETYE TR B RN T R TI T REPNT 812,40 (CpSply  effectiva drag area of 90s §
) 007,04 1343030 {20,860 | 2764.40] 341,72 | 112,00 705,03 Dy,  drag of halloon I
#9408 13828,23 | 20,78 2701,02| 48,28 | 112,77 781,25 5 g ' d
= | w700 421738 Paooe | 2707.52]) 354,78 | 112,30 763,70 v rag ot drogue
1 wsy, s lacod. 10 | 30,33 2773,930 so1.18 111,08 746,04 Du drag of main chute 4
| B30, 10 {(4092,08 | 30,59 2780, 200 307,56 | 110,V4 728,24 e ot "
1 w20, 30 flsyer.dq {3080 786,080 573,89 [ 110,07 710,29 - -
, 4 + [ [} » .
806,20 BA700.00 {3111 2793.00] 380,10 | 1w, 75 b0, B Nole ). Dy +Dy +Ly v Dg » Wg 0l Equlllbrlurﬁ
s 7n7,08 Botoloun (31,37 | 270p.17) 380,43 | 10800 \ 078, 3 o
¥ ’ Note 2, Temperalure of Ha(g) assuned 250 °K #
;
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Table 6, ALBS Ballson Inflation Caloulations:

SR AT G,

Jewmatpmy

PITI S N

i
"

Dm
N2 | (b) | k) | tib).
_— ~ | 339.26 | 1000,74
37,90 | 16,757 | 431,84 | 1066, 87
60,03 | 26,09 | 326,13 | 1048.53
78,82 | 33.309.| 220.83 | 1031.49
9d.52 | 39,95 | 315,74 | 101514
109,00 | 45,85 | 310,80 | vop.28
123,08 | 50788 | 206,15 | ped,27 LEGEND
§360. 85 13706 | 85,09 | 301.41 | vev.06 ‘
B312.88| 140,66 | 59,18 | 296,74 | 054,03 M altitude
iA324.77]. 161,58 | e2.80 | 292,11 nig. 18
(836,22 173,08 66,20 | 247,52 | 924,30 . atmospheric density ratlo (p/p,)
447,24] 184,08 | 69,48 | 283.29 | 910.7 P  atmospheric pressure
§387 . 80| 194,70 1 72,33 | 278,78 | mu6.28 /M 111t/ mass ratle
368,20) 208.01 74,93 274,28 BE1,82 ratio |b' ittt 7 Ib, gas
378,20] 218.001 | 77,30 | 260.78 87,39 | _ )
187,020 224,73 | 70,48 265,80 | asa07f. &t time differential
330741} 234,20 | AlSo | P6l.30 | A0y EHt cumulative differential
a15.70] 262,51 | 84,08 | :s2.40 | sits0]
¥8424.55] 201,36 | 66,35 | 47,04 | 797.15 4 dynamic pressure
Jads.any 270081 87,00 4 25,07 ) 782.IT ) AMHe  cumulative quantity of Hellum transferred
2601.20] 278,85 [1omae | o0 47,54 Eﬂ_ﬁ!ﬂ_z
g 12| 286,38 [ 110,34 C] o2n.ed drogue here, ZAL cumulative buoyancy added to system
706,37) 293,63 | 111,00 2.6l - W,  over-all system leading on parachutes
2715.53 300,70 {11164 895,51
Yar 50 307,88 | 112,07 878, 34 Vi, volume of gas bubble
727.54) 314,80 | 112,70 864,27 d, dlametar of gas bubble
734.30] 321,05 [ 112,03 847,10 . \
3 olol affective drag area
E2741,17] 328,43 | 112,00 R0, 84 (CoSol, 9
varasl s3s.01 | 112,88 R12.40 (CySy)yy,  effective drag area of gas bubble (balioon)
784 .46] 341,72 | 112,60 8,08 DN drqq of halloon
701,02 348,28 [ 112,77 781,25
3967.52] 350,78 | 112,30 763,70 Do drag of drogue
773.03] 361.18 1 111,08 746, 04 D drag of main chute
£2780, 200 367,50 | 110,94 728,24 e
-2786.030 373,89 | {10,007 710,20
Noie |, +D, + Dy, . Tquilibrl locit
:3703,00] 380,10 | 109,75 B TR } Pa*Dy ('. u Dy * Wy ot Equilibrlum Veloeity
2709, 17) 386,43 | 108,00 Y 78,

Note 2. Temperalure of Holg) assuined 230 °K throughout
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The increased drag aves assoclated with the developing gas bubble (cho)B
serves to decrease system equilibrium descent velocity, Va' An noted above,
additionnl deceleration is being caused simultaneously by the buoyancy and atmons-
pheric density effects, Thum, the values of column V reflact the combined
reductiona i1 system descent velocity, Table 8 shows that us the system equilib«

rium velooity, V‘. decreases; q (dynamic pressure) also decreasen, as does the
"total aystem drag or develerating force, Dl. (See notes 21 and 22,) There isa

step increane in q, when the drogue s out wway, but the decrease soon continues,

Tuble 8 shows changes in system parameters over fixed intervals of height
(200 ft), The starting altitude of 23,400 [t approximates the altitude of the drogue
chute At the end of event 4o on Table 2 (23,483 [t), The starting equilibrium
velocity is the system V at the end of event 4a, A program was developed (see
Figure 11) to ascertain the time required for the system to fall through each 200-R
{nterval of helght, taking into effect the decreaning velooity hecauss of factors
discussed above, Incremental and cumulative time values are shown under columns
At and LAt rempectiively,

It was assumed that the total quantity of hellum, 102 1b, would be trunsferred
linearly with tirme over 300 sec (8 min), On that basis, the amount tranaferred
(AMHe) during any 200=f% {nterval would be a function of the time (At) required to
descend that distance, Whence, AMHe = At .}-g-g- « Tor axample, during the f{rst
200 =1t {nterval on Table 8 (23, 400 [t - 23,200 ft) the amount of helium transferred
{s 2,428 Ib, which is the result of the caloulation 7,09 sec x é%g-x 1,012, where

21, The actual stap=by~step drag forces on the three drag-developing components,
the balloon, the drogue chute and the main chute, are shown in aolumns Dn,
Dpy, and DN respactively, 1Jg, the aum of those three columns for snch
step, equala the corresponding Wg, (Dg |8 not shown separately on Talile 8,)
Note that, despite the steady increase o DE' the sum of Dp, Dp, und Dy
decreases {n step with Wg, (See note 33,) "This (s an it should be, ainoce, in
i parachute system at wquilibrium veloclty, Wg s Dg, which {3 a simple
reatrrangement of the equation in note 20, Hection 4,4,58, The component
drng values are inocluded in Tnble B to allow monitoring of the performunce
of thowe components ahd to enabla the drogue cutaway point to be eatablished
with confidence.

22, D, drag, {8 a funotion of both q and the effective drag areu, thnt is,
D= q(CgSo). In this situation the decrenss in g means n decrense in total
system drag (decelerating) forces, despite the increasing values of (CpS,ly
heonune of the predomlmant offect of q which decreases with the square of
the velocity (qw 1/2p V),
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7:08 seo {8 the estimated At for the rfirét {nterval ahd 1,012 {8 an empirical correus
tion factor, (See note 23,) This quantity appears in the TAMHe column which {8
& cumulative record of the amount of helilum tranaferred as the event proceeds,
When the quantity of helium (1b) {a multiplied by the lift to mass (L/M) ratio
{1b lift per 1b of mass) for helium at the pressures and temperatures (nvolved the
amount of buoyancy ia obtained, Cumulative values of buoyancy appear in the
AL column, . R

_'The density of helium (at 280°K) {8 caleulated for each 200-ft uititude inere«
mant by the program used for Table 8, 'Thia density value is divided into the
LAMHEe value o obtain the volume ocoupied by the gas, Ve % The gas volume {s
asrumed to be that of a sphere, whence the diametey, db"“ obtiained by the
relationship dy o0 (V2 1/3, Knowing the diameter, we can obtain the crosn«
sectional area (1dd/4) or So. This {a then multipiied by a value of 0,8 (C:D for the
hubble) to give us (CDSo)B or the affective drag area of the balloon; (CDSO)B in turn
dugments the value of (C 8 )y,

23, 'The actun] descent time for ench 300=ft interval iw o funotion of the aystem

velooity, which in turn, is a function of the changes being generated by the
developing gus bubhle, The program used nn educated guess (7,08 waa) us
the At for the first & Mile cnloulation, 'The nctual At was 7. 13 aec, derived
from a knowledge of tlie syatem conﬂ?uratlon after the gam hubble h.d formed,
(The gus bubble here (s the produet of the estimated amount of hellum trana-
ferred, based on the ostimated At.) Il'or the 2nd AMHe caleulation, the 7, 13
sec value was used ns the estimated At, ylelding a AMile value of 2,483 1b,
whieh when ndded to the 2,426 1b from the first interval caleulation ylelds n
LAMHe of 4,870 1h, TBecause the system is rlowing down, the At values,
are increnslng with each interval, ilence the use of the previous Intervala
At in each AMHe calculution leads to an understatement of the amount of gas
transferred, 'Thix (s the reamon for the ume of the empivioal correotion
tactor, to ensure that 102 1b of hellum are aotually transferred when

LAt = 300 peconds, -

24, The Mft to mass ratlo 1n obtained by dividing tiie specifio lift of gnaeous helium

(density of alredenaity of helium) by the density of hellum, Alr and halium
densities were separately ealeulated for 1000 ft intervals, asauming an ulr
temperature varying between 260° and 273*K und a constunt helium tempari-
ture of d480°K, The resulting 1./M rutioa nre ghown on ‘l'able B, Tho values
were assumed to hold conatant throughout the 1000 ft interval und then jump
to a now value, This uasumption geneprntes alight innccuracion hut the viluen
obtained are conaidered adequnte for the purposes of this report, More
aeourate hellum densities, oaleulnted for mnch 200 ft, are used in the detor-
mination of the volume of the gas in the buhble, Vh‘ (See Addenduni, )
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$UBR 1008

1, Computet Reg,04 X Reg.08

(e X2 o aMune)

2. Add results to Reg.02
{EaMLHe)

3, Compute: Reg.02 X Reg.ll
(LAMLKe % L/M ""?
§¥0 Heg. 14

4, Subtract %AL from qu.oa

8, RIN

SUBR 1009

1, Compute Pp X Rey.18
(Pg X 01217« apyeay)

2. Uivide result into Reg.0f

3, Solve:
(1 EVQ)U: ',

4, Compute!
(e x 08 e (8
5. 810 (CyBg)y Reg. 18
8. Add (CnBa)n to Reg,!
vho's “n‘u?n
7, BTN

16, Decramont Rep,0t

§, SUBR 1009

7. Divide Reg,0) by (RB? d9 X
Roy,O8 X Rep. 1001 Take
tquare root and change wign,
§10 Reg. 12

Sty s

'ﬂmnnﬁngqﬁ)

("’-(Hn

1
|
|
|
|

|
{
I
|
]
|
f
|
I
|
|
|
[

St 7

SUBK 1040

1. REL Nou 3
i) HMy

(4 « %pv

|q
0y

2. Multiply Reg 3

Recoid|
nAMie (02 *ﬁ
l)“ H 4
g (18)]
Yoty ) (1)
At (04}

i ‘)ZM %07!_,
(LpSg)s |
W

17, s
P e SUBR 1007
SUNR 10106

HUBR 1008 l

1. STO 6 {n Reg.0}
20 SUBR 101

Bl % b ..
JRY EREI 4
SUBR 1016
1. XPor Reg.08 to Reg.08 (o,) b
2, Ghange s1ign, Xfer to
Aeg.i4 (= 6)
3¢ Dacramunt Reg,00
4. IND RCL Heg.00
§T0 Reg.0¥ (ol)
B, Compute)
Rog 09lo, ) Reg: M (p)
1000 {ft)
8, STO Reg,2) (40/ft)
SUBR 1007 l
1. SUBR 1008
2, Sybtract Rug.28 from 8¢ RCL Reu 13 (v, (Hy))
Reg.06:
(HeAH(200" Jengw H) 9. Compute!
3. Multiply Rag.28 times ['.v!_(ﬁp).)‘(..\.’.'(ﬂl.)) . \; ]
Rey. 24 H .
(A8 X Aa/ft o ho) 10, REC Rey.25 {AH) (S
4. Add v to Rey.OH 11, Conpute:
(g * Ao = new o) AWV e AL
. ]
6. Display new H 12, $T0 04 At
SUM 07 1At
| m 13, Xfor Reg.12 'o Hey.1d
: . {=¥oquty?
| 14, Xtar Rug.1b to Hen.l2
| (CDSD)H
l 15, SUBR 1010 ”
[
I
|
i

b, Add Dy Lo Huqdl%
(()II 4,

H

) ‘j
1

i

iR

b
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£
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SUBR 1010

-,-[

1, RCL Rey. 13, square it
multiply {t

(g v fov? o 000w 9u,
2

"
(ehy )

2, Multiply Reg.iB X q
{Dg = (CySp)g ¥ q)

by Reg.0B, 19

G, Multiply Rey.22 by q

Record!
LAMHe n:;
b, (1%
q (14)
Yahy) (13
At (o4
it !07!

{Co80s

(Cylgly C11)

7, Add Dy to Reg. 12
{Dg*0y*0y) = Og

(Wy = Dg ¥ )

B. Subtract Dy frai Rug. 03K}

3, 570 D Rey. 12

4, Hultiply Reg.2l by a,
((tuso)u g UD)

——L_—_——T—-_——_____——-]

-

9. Xter Reg.24(W ) te
Reg .03 s(raf)

to Ruy.10

y
|
I 1, RN
|
|
i
|
.

B, Add ug to Req.12
(Dg + Dy

10, Xfer Roy.20{CySpdg(pgr)

FRETTRTPTa,

qui}tcrs
00 Count (34)

ol Count [&) Notes 3, 4
02 LAMHw 0
0 N;G.l.t 1430
04 Aty 1,06 lest.)
06 WLHe/t,  .AdAD (Notw B)
06 Hy/My, 23400

ot b 0

08 oy 0

o Mo/ 47484

%(Hy-1000") '

10 (CpSglg0ili? 3163.19

i L/N ratlo 5,993 (note 4)
12 0 ..

1 ‘vlu Yy 2R, 20

0

14 working .

15 working ..

16 0 .

17 0 e

{0 Sew Note & 01217

19 See Notv & 001189

W (Cyigly(pey) 6319

2L (Cpipy 750,48

2 (GDSO)M W2, 74

23 Mi/fL 6 (Note 3)
24 HB(NH 1430

25 AH(fL) 200

26 oyllb.dktL) 62138

8y (16.4000) 60125

4 ﬂe(l?‘ﬂkn) 88170

] nﬁ(lﬂ.aklt) ,40266

k[i] (1d(l9.4klt) 54407

J1 ag(20.8KkfL) bk

d¢ oy {P1AkTL) L bOR

n u‘(ﬂ.dkft) Al
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Lo This {5 & cyclic open=unded program, set up ta operate within the performance
Reg{atars Yimitationy of the Wang 452-1 Scientific Dask Calgulatorr No printout (1.s.
A (lﬂwln only) of datay 320 stoph of pro rumni?l 16 permanant registars (n-lﬂ).
t

NOTE

e

) Count (38) ' t vill be notad that the program actuslly usét registers frod 0 ta 33,
. The 18 registers beyond the gamnanont regivturs word vbtaingd by berrowing
o Count {6) Notes 3,4 |° from the nragratining steps at the cont of evght steps per register. Many of
0 bAMHe U the stops can be eiiminated through the use of a more powsrful calculotor,(Sew
03 Nsml y 1430 addendum)
04 Mo.l.ﬂ 7.06 (est,) 2. The conputation for the denaity of halium {g) in subroutine 1009, vp.l,
T p
08 WlHe/t 3441 (Hote 6) {3 baswd on the relationship (PN x Loy 2
06 MMy, 23400 R
ot 0 1f py for He at | Atn and B9°F (28B°K) fs .0106 1b/1ed then p, for 280°K He
i ‘ e 2 ? At
L] aliy 0 at a given altitude, {3 equal to 01060 X gggx ri_ v .01 P,
[+]
@ ! A7444 Table & shows the valuss of P, ubed, expruised 1n ATM,

% (ige1000')
10 (6p8p)g0ids2 g163,19

. ; f h L
" LM ratle  5.997 (note 4) 3, Atmospharic density 18 conputed by the uss of o, where o « A tnd is oblained

12 0 ae from standard atmosphere tables, The density at a particular aititude ("o‘"l'
NN etc.) 1o the density at MSL times o for the altitude, Yhe procedure to
13 Ty e +28.20 account for chnnnim} density 48 the system descends each 200 ft 1y to dugment
0 the {nitial value of v with a Ao value which {3 the product of the distance
14 working . Tallon (AH) and the difference in u per foot, As/ft. (Ses SUBR 1007 op.3,)
18 working e The su/tt parametur fs dotermined {n SUSR 1015 at the start of the first cycle
and every bth cycle thowalte. (This {8 the reston for the JHO stap in
1 0 SUBR 1007, op.17,) Inittally, vy, the o for the event starting altitude {4

1? 0 .
14 Sue Note 2 L1217
13 See Note 8 ooty

tubtracted from o), the o for the eltitude 1000' below the event
starting altitudo and divided by 1000, (s 1s retalind from Reg.3 by the
fhdirect racall method,) With pach 1000 of descent (AH or 200' X B) ch.oo

20 (¢, 363,19 {n ducrenunted and 4 new, lowersbysone indirect rocall comnand iy gengrated

v 0)5("') ! to rocdl) o values nureé {n m.ga. A, A0, eted In succension, '
H (CDSO)D 750,48

4. Stop 7 1w used to monitor the wount n fleg.0) and $0 fnsert a new value of

i (CDBD)M 2. L/M ratio for each 1000 ft of descent.
b A/ L 0 (Note 3)
FL I 1430

S(ref) b The nunber 00LBY In Keg,19 1 equal to § pyg o WhEre nyg ® (002736 slugs/te,

25 AH{rt) 200
26 oglibdkft) 62138
21 uy(16.4kft) 60126
W oag(17.4rt)  bul70 44l b e
[0S

29 uﬁ(lﬂ.dkft) 56268
ki u“lﬂ.-‘kft) .b4d0/

7. When the drogue s cut nwn¥ thu roference system weight {n decronsed by 42 Ibs
k1| ua(ro.qm) RYITH (from 1430 to 1388 1b). (The 42 1b Includes the walght of the droyye, the
astension 1ine and the hardwars on the 1ine,) This requires the value of

; $
3 u,(r).dkry 60834 in Reg,24 and 0J Lo be changed to 1388 before the program 1y resumed,
‘3( ' A Hlll‘hm' thanye {s required for Reg.20 and 10, unue"(cusa)s s decreased by

6. The number 31441 {n Req.06 » l%b-‘-"in-'é»' X 1.012 {correction factor) «

abe

LR EAL IS BRI the luse of the drogue, (CpSglp. The new ruterence (Cpsyly {8 that of the main )
chute, 241224 1l The valug of {Cpdg)p 1n Reg.B1 goos to 0. (The reference . -3
((:nhn)s valuw 15 that to which the cunulative values of (CDSo)u are added with [
wach Ilovation Lo gl the new (Cpdp)e value, (I the case of Wyo the cunuinlive .
velues of AL are subtracted from the retevence Wy.) g

Pigure 11, low Dingram for Program Pldeld, Wnflation of Belloon (Event 8)
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As the balloon fils, the expanding bubble causes the M'af{nﬁ slesva to opén
up gradually in such a way that slack material is still protected, Because of the

- relatively low altitude, the slze of thebubble (dH) remaina amall, reaching a maxi-

mum diameter of only 31 ft at full {nflation, Tlie volume of gaa {n this bubble,
approximately 16, 000 rt"’. {s only 10 percent of the fully-expanded yvolume at float
altitude, Moreover, although the volume is {noreasing by virtue of added gas, the

~rate of inrrease in wlowed by the sffect of inoreaned atmoaspheric denuity as the

system descends,

At aome point the drogue must be cut uway, hoth to eliminate unnecessary
welgh! Irom the system which will rise to float altitude and to avold pessible
entanglement when the drogue becomes very lightly loaded and subject to collapne,
'Table B indicates that tha drogue is cut away when the buoyant lift in the balloon {n
316 1b, which is more than enough to keep the balloon upright after the support

" furnished heretofore by the drugue {s removed,

The inflation {s shown to be completa hefore the system ham rescended to
16,200 ft, (Completion is indicated when 102 1b of helium have been translerred
to the balloon,) Interpolation indicates that the final height im approximately
16,270 ft, However, since the refetence starting height of event # (24,400 /t) was
related to the altitude of the nowsmissing drogue, the altitude of the balloon s
approximately 200 ft lower or 18,070 §, ["or the purpnses of thin report the coms
plation height for event § will be enteved as 16,000 [t. _

'I'he balloon (Figure 12) {s now ready to be cut away from the apex of the main
canopy and to ascend to float altitude with ita payload,

4, 4,7 EVENTS 0 and 7 BALLOON SHPARATION AND ABCENT

Early {n this report (note 8, Section 2,3) it was stated that the Llle auantity =
102 1b (48,27 kg). win that needed to 1ift 878 b (260, 82 kg) and to provide 10 pers
oent froe 1ift besides, Using a L/M ratio of 6,248 for e (based on equal air and

~ gas pressures and temperatures) 102 b of hellum will provide 638,00 b of Ut

(2088, 94 kg)y This i more than 878 + 87,8 or 632, 8 1b (288, 40 k1) recuired, lews
evar, Table 8 {ndicatos that the total Ut at the end of event b {8 just about 578 1h,
which means that there {4 very lttle free HIt, 'This i8 a resull of the 260°K tem =
perature aspigned to the gas, v the 260 to 373K range asuigned to the atimoaphere,
('The ai{r temperatures ure typical of the White Sand Mismaile Range (WSMR) onviron~
ment median values,) Note that the [./M ratins entered on ‘Table B are all below

8, 248,

40
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: Fgure 13, ALBS Flight Test

' Completion of ALBS Balloon Inflation
(Balloon and payloud start to pull

; away from main canopy)

i MAIN CANOPY
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‘-ﬂ-‘” : The mesnage here tu clear relative to the planned balloon drepy It warm air
. ' tlmpuratuul Rre expectied, the amount of helium uséd must be-increased slightly
S or the gross 184d must be desreaded, in order to preserve fréw. 11%t (860 note 26),

l[ L _ Adsuming that the necewsary procnuﬂonn are taken and that there s adequate free
i WM, we can be hire:thilt separation of the balloon and its. payload will aoour when
I N the restraining rable shown in Figure 7b i severed. The hallodh- aystem in bye

, pected to lift up from the apex-of the main annopy and to ascend to Moat: nltitude at
A rate of rtu of approxtmmly 800 f'pm- (I"inurc 13), Amgent time'ahould be ahout
88 minut-l. “The main elnopy and the oryegenta, lyitem Will descend to the ground:
at WSMR tn about 12 min with a términal veldnity of appruximntuly 17 rpn.

4 4.8 OTHER EVIENTS LN

’l‘ho purpose or thls report hu hean to examine the mid-air deployment and
inflation sequences of the ALBS system {n yreat detail, This it hau done, There
are other svents; for vxample,- launch of the varrier balloon, cutidown and recovery
of the ALBS balloon and payload, recovery ol the carrier balloon, whith ave im«

5! . portant to the sucoess of the over~all test program, but which will not be covered
in thin report, Those events are believed to be Mnirly routine in natuve and to .
involve ntandurd procedures,

Similerly no details will be given of command and control systems, sensors,
telemetry packages and the 1ike which must he employed during the tests to ensure
thelr sucoess and to provide adequate diagnostic data, While the systems to he
employed for these purposes will require custom planning, they will be made up
for the most part of vtandard flight communications and control devices, ‘I'he
auther (s heavily dependent on hiv colleagues at AI'GL oy ampistanoe in thewe vital
arend, : )
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78, The unumpﬁon that tho temperature of the ®a# remainm conatant at 360 K in
conmarvative, ‘There are two processer in effect to warm the guny (1) the
tranafer of thermal energy from the halloon envelope as It {8 watmed by solar
gnd terroutinl radiation and by contaot with the amblant air, und (3) the
adiabatic warming of the gas (4°K/1000 ft) us it descendas, 'Chese fuctors have
not been computed because of the Limpossibility of knowing the precise tempers
ature of the %ll ud |t enters the balloon at any point during the intlation proce
eas,  ‘The 360°K figure in an estimated average instantaneous temperature -
of the gas, It may very well be too low, in which case, buoyancy {8 enhanced,
A model in heing developed to take these procenses {nto account und ¢ will he
incorporated into the progrum at a later date,
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I{gure 13, ALBS 'lght ‘T'esty ALRBS
Balloon and Payload Ascent, Main
Chute and Cryogenic Unit Descent
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3. SUMMARY AND CONCLUSIONS

The Air Launched Balloon System development history has been traced and
' the circumatances leading up to the tests now in planning have been desoribed,.
‘ The theoretical performance of a typical deployment system (3B=ft ring sail drogue,
i 84«ft flat cireular main chute) has been unalyesd using a number of stated asaumpe
’ tions and employihg programs doyéloped for thia purpose, Contingency arrange«
ments, (forexample, use of ballast) and their impact have also been discussed,
Data presented indicate that the ALBS concepts are hasically sound but require
expertmental'ver'i'f{cntton to ensure optimum component selection, Such verificas
: _ tion {s the anticipated result of the teste planned in the fall of 1078 at I!] Centra
i [ ' and in the spring end surnmer of 1077 at WSMR,
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Appendix A
. _ N Tables At Through A8

5 . Al GENERAL

Tables A1 through AB of this Appendix vontuin Hummations of back=up knglish-

i ' unit data generated in the comptlation of Table 2, main text, The dita ave presented
in the format employed by the author on him computational worksheet,. The isted *
program numbers (24U, Y'«13A, ete.) refer to programs first preparad by him fou
use on u scientific desk caleulator (Wang model 482-1) und later adapted to u pro-
graimmahle pocket caleulator (Texus Instruments S1R-52) for away=froms«the=oftice
L use, (See I'{gures A1 through A8 for flow diagtuma,)

& To avold confusion, {t ia suggested that the reader first find the subject Hated
on a particular sheet (for example, evants 2a and 2h, on Tuble A1) and then relute
the compifational yheats to the data rnr the events on ’l‘ahlo 2 and to the disounsion
of the events 1n the main text, : : ot
= In genoral, programs labeled P4U are concerned with the opening phrae of i
¢ ‘parachute performnnce, over tha time period from T = 0to'l'= 1,0, and with the b
attainment of equilibrium veloeity immediately afterwnrds, The primnry output of
Program P4U is the new system descent veloeity at time, t. (Several ndditional
parameters ure derived simultaneously to nlvh 1 mope. complete pieture,) ‘lhe
usdocinted programs (P-0, P71, 1P«10) are used to verify the opening time
selected for use in 174U and to determine opening nhock vulnau. The programa are
hased on procedures outlined {n the Parnchute Handbook, 13 The 1?=-13A programs
are almed at tracking fully-opan parachutes ns loading conditions nre vorled,
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The discussion which follows i concerned with the rationale behind the data
sheets and their agsociated programs and is presented as belng of possible Interest
to the render, The method used for explanation will be to examine the key features
of one or more workaheets in considerable detail with the hope that a coherent ples
ture will emerge,

" A2, CALCULATIONS FOR PARACHUTE DPENING PROGESS (PROGRAM PAU)

A2.1  Saleution of Openlng Thne

It we examine the worksheet for events da and 2bh, opening of 35-ft ring sail
drogue chute (Table A1), we note that a f{lling (opening) timno, tj.. of 3,5 sec has
been selected. This {s a key input to Program P4U. Normaolly, ag inthe case of
the event 3b computations, Table A4, this selectlon Involves trinl and errvor until
a rensanable value of ‘cf is obtained, we verified by the computations of Programs
P=0 and PTU, (See notes Al and A2,)

llowever, in the cnse of the 38«0t ring snil drogue we ure deuling with u parn-
chute with geometric porority, that 14, poroslty which {8 n function of openings in
tho canopy., ("Solid" canopies, such as the 64-1t 1at clreulur main parachute, ek
such openings and rely on the porosity [air permeability) of the matevinl used in
thelr consgtruction,) The fuat of geometrio porosity eliminates the normal teial and
ervor selection of tt‘ here und nllows the use of the handbook method expluined {n the

A1, Progrum -9 solves g, (12-11) in the Purnohute Hondbook: N
. By : ’
: R B Tial SV . . . ! .
d¥ opers b = e (e At L aer iy ) -
for values of T from 0 ta 1,0, using the velaely valties obtulined fvom . “J

Program =41, (1' {8 aqual to t/tg, that s, 18 the rotio of clupsed time
to totnl fitling tima, nnd dV refors to the change tn gysten volume ua the
parachute apens, ) Progrum 1'=0 algo computes tho muximum theorotiend
“volume for the dize of purachute, where
20 " 4 ,
Vm“x = — n o, Q4788 DO ' _ ~

kL]

A2y Program PTU effectively plots the dV/ T valuog (nhtnined by Progrion Peh)
pgainat ‘1 froms T « 0 to '’ ¢ 100, and moeasures the area under the resultont

! - curva, The answer, which Ir venlly 8 volume, ls compnred npninat v, o, -,
: If renmonably clode, the melected ty in aocepten and Program P10 s vun, P
(See note Ad,) 1f not, & new value of i in selected and the proceds {8 raw : by
peated, subatituting the now tp in Program P4t to genernte o new sot of ]

\{Plnc*lty values,
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note on Table A1 to obtain ty dirvectly, Veloelty valiies génerated by Program P4U-
from this tt are then used to derive opening shock values (see note A3), Ileight and
Velogity values shown on Table Al at the end of events 2a ond 2b have been trang-
ferred to Table 2 In the.main text, and, inthe case of 2b, form the atarting condi~
tlong for the next event, 3a. o o .
It ounbe- nean, tneh, that the computation dedcribed on the P4U worksheet
--.~--'servea uvaral purpoele!c It detarmines opening shook, And end-of-event time, -
helght and vertlidal velbciw values, It monitors dynnmiu ‘presaures and drag forces -
, ‘fhroughm\t the event, It also pex"mlts enay determination of the attalnment of
LT gystem equilibrmm yelooity and thq Ampact of ohangmg various input pr rameteru
such us drag qomlclant. chute dtnmotar and uvstem weight. :

A3, Program P-10 uses the vilocity values obtained from Program P- w to solve
thu f‘ollnwmg nquntiona, for values of T from 0 to 1

T T L LA S : o
where
W, 10
Al s
Gl
(ef, DPavauvhute Hunclbmnk.
( ,(l, -
- "130ic ‘330 may S
DO . . A ' . B
ey o |
. =W oy e . e . ) \
I n T’ lotal retarding foree (Fq, 1%-12) n
po° : o 5
, 1
Ky e W ' = Oponing shoek faree o) s
Fo . ' - -
o = Opentng shack force {n units of g _ , (4) S

Notos thut the miximim culculntnci open(nk shock. foree [Table A1) 1n 2,143 Q'n.

87

PRCEE = PTGy

Kl
A
]
bl

£ e

e

[
ca
i




R LRI oRPLL NI X | S S e SO ST P P S PP

Rl ‘Hﬂéﬁ

v
et

? AZ2  Calewlationlitoival =~ S CL L s i%
k Program P4U ralies for ity sucoess on a lnrge number of caleulations per- E
;f formed iteratively, With the selection of & to of 3.0 sec, the parameter tf/sm is ‘ '
% fixnd at 0,07 wec, (See Tuble A1, ragister 02,) This {a the time interval between b
§ successive caleulations 6f new descent velooities (Section A2, 4),- 1n developing i
program P4U, the author found {t to work best wlian iterations weve eorried out at ' z 7
ézh intervals. of £,/80 or even shorter (far exariple, t,/200 when te I8 large),  (Sme {3
g: ' note A4, ) ()n Table Aty under nolumn't. the values entored are.0, 38, 0,70, oty - E'f:-;
; which are five-fold multiples of 0, 07, This simply means’ that although the calouln« § fi
% tions were made at t; /80 intervals of 0, 07.8e0 (or 0, 02'') they were recorded on the i Y
worksheat only at intarvms of B Xt /60 or when T = 0,1, 0,2,'0, 4 ote,” Thus, lhe % #

vender {8 ndvimed that the first vnlua in the Av column does not represent the dif- .

feranoe between the Initinl velocity, vy and the veloclty ut T = 0,1, Rather it L

represents the difference betweaan:the veloeity at-1' & 0,1 und that at the iteration ¥

T = 0, 08, |ust preceding.

A2 Development of Reference Aroa

I'rogram 14U assumen that the parachute reference nrew, S, 8 at o minimum
at time 0, In this ense the mintmum aren vulue, b, 18 2,06 l‘t‘a. The prograum pro=~ \
covds to Inerease the refereonee nren Huonrly with caeh fteration untfl o maximum )
fs uttadned at ' = 1,0, {Tuble Al shows anlculuted opening nrens nt ‘1" vislues of
0.1, 0,2, eles) When'l' {8 greator than 1,0, the nrau |8 treated an o constant,

Advt - Dovelopment of Velovity Yaluam

Tlia Initial veloeity, v, (=148 [nw) is obtained from the previous event (1o, the i )

end of tha first free fall period), The « 161,78 fpa voloeity on Table At at 'l = 0,1 i

{t ~ 0, 98) wus camputod by tha method nbout to be dnsvrlhad. {I'he sime method H
holds for I = 0,2, 0,3, otc,) _ 1
The Lagle asgumption In the determination of o new descent veloelity is that
Vs v Av1. Kuowling Y (or vo) it i8 eany to nrrive ot vy i wo can find °"l' Re- :
culling the tormulus of I'uble 3, muih text, we know that In o froo=falling systom
T i
@
, !
A4, Phe ealeulations and programs dlyoussed lore "work' in the sonse that they :
praduce values which otne might loglenlly oxpuct in the anulysis of un opening 1
purachute, taking into considerution the effects of Inereunod roforente aron, i
inoreagad drag, reduced veloolty, ote, “They nre bhuded on teolniques given ,

in the Puravhite Handbeok, but they have.tol been voritied to date agninat B
actunl parachite oponingd, . ‘
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Av = =gt and {8 conatant for a given time interval, "I*h'e formula for Av {n a descands
ing parachute system is a modification of this formula which takes into considera-
tion the decelaration forces generated by the canopy:

Av = -t (1 Q)

. where

[N S P DR RUIR SR UT Y . |

W = gystem welght, which {8 known anel {4 o conatant

' D w gyaters drag, which {8 determined by the equation, ; *
’ D= g, (C:I)Hn)max' [ in the cose of an opening parachute ﬁ ’3
18 highly varioble, becuuse ((‘“Hn) changes linenrly with ‘1
time and heanuse g, dynamie pressure, s also chunging i
(= gV : 5
B o= 32,2 {t/sec® (gravitationnl conatunt) R
8t = {noremental time (ree) (known)
¢y = drag coefficient, known, tronted us & constint -
To solve for Av we must know tho value of D laor vach iteration, 'I'his, {1 tuen, b
recuires u knowledge of the Instuntanaous value of ((.f“h‘“). which 18 obtained from s
the program, amd of . "l'o track 4 we mudt know chunges in utmaspherie donaity !
{aunily progrummuable) with euch incremont of time und ulso chunges tn veloeity, . “
This i & "Cateh 22" situation In that we have to know beforehand what we are solvs b
ing for (velocity) {n order to salve far {te The program attempts to goet nround
this dilemnia by amploying two veloclties, o preliminnaey or estimioted veloeity,
by whicgh to derive n value of g, nnd a "final" velocity which {8 obtainod using the :
value of q as derived, The values of «v on the worksheet ('able A1) are the finul D
" velocitien, (They nre usad later in progrnrms Ped and B=10,) - _ : . i
In the fleat iteration (7= 0,02) the preliminary voloeity 14 obtained by assuming
that the 'pnrnc:hufu system Tree fulle for the pariod of t,./ﬁn ar 0,07 see, - Brealimines
nry Avl. for this anleulntion, {8 almply =gt, thut {8, =32 (roundedeol! gravitational ;
constant) ¥ 0,07 or -2, 24 py, 'This {8 reforrod to 1 Mn. Ihe pratiminary v BT !
vy Avo. thut 1a, (=148 fpa + (=1, 34 fpu)) or =147, 24 fpe, ‘o progran then golves .
for the finul Vi using 4, 13, ete,, developed from the proliminary value “'""l' In ‘_
the course of the solution n finul Av1 iy alvo doveloped (v1 sV Av'). ;
In the second ltoration (1' = 0, 04) av, 1a recullied and ndded to Av, in the :
. umpirienlly determlined rolationship: H
Avy (protim,) © (le - Avo) ! i
|
B 1
3
i
3
4
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Fprom AV?(prahm.) a value for Va(prelim, ) is obtained, thence a final value for Vo
In succeeding iterations the preceding final Av is added to the final Av just
obtained, {n the manner shown above; for example,

AVg(nrelim, ) (28vg = Avy)
and

¥3 (prelim,) * Y2 * 43 (pretim,) *

Ad stated earlier, only each Bth oalculation is notually recorded on Table Al,

AL Devolopment of Other Pacumeters

The program nldo determines distunces travelled vertically (~AH) during a
given time {ntarval (und necumulates same) to enable nititude to be known at nll
timea and to aarist in the ganeration of needed atmoapheric density dutn, Valuos
of dynamio prossure, q, drag (1), und helght abtained during thewe caleulations
appent in the columna 8o marked, )

A2 Bgquilibvinm Veloeity

In the upper right=hand corner of Tuble Al the value 80, 038 hns heen inserted
opponite Vo(\l ) This s the abrolute valuw of U theoreticn) equilihrium valocity
(eulewlnted lw program 1«41 for the system ot the inftial altitudo, I| (a4, 874 1),
This culeulution {a for referenae purpodes only, It Indlontes nppmxlmntoly the v
whioh will be nehiaved after the ohute is fully open, Table 2 (in the mnin text) shows
tht V { vrolichad ut 24,073 ft, and (s =B, 87 tpe. IF wo use the region of congtunt
Yy M tho monne of {dentifying V o the workshool shows thut V eould have beon
solectod nh ontly ag nt t = 0, 10 oo, whon v e B0, 94 fpa and II 24, 113 't (In the
notual expeviment, 1t 18 Hikely thot equilibeinnm will be consldored to have been
nehteved oven cartior in the ovent, )

A GALCULATIONS FOR FULLY OPEN PARACGHUTES

AL General

The other Lype of worksheet [n thin Appendis involves the tde of Progream P DA,
I trneks dedeonding porachiutos whioh ave tully inflated, that ts, (L‘an\ i 1l oa
maximum amd remnins conatant, Mhis ncconnte for the Yook of nn uren column on
the workshicot,  Atso, thore e ne peference to Progeams =0, P70 o P10 Binee
the computatiana peprfarmed by those programe ave inapplicable heee,
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There ure three new columns on this worksheet which do not appear on the 14U
sheet: W, V'. and *aHy W refers to system weight, which is a variuble in these
ealeulations (wee Section A8, 3); Ve refers to the projected esquilibrium velooity
(see Section A3, 4) and YAH refers to the cumulative ahanges in helght since time 0,

There are 4 P=13A worksheets in the Appendix, covering events 3a, 4bh, (2
sheets) und 46, The program was developed busically for event 4b and has been
adapted slightly for use {n events 3n and 4¢, Tivent b (Tables Ad und AB) 18 the
hulloon extraction process which in desceribed {n detall in the main text (Section
4,4,8)s Inthis event the drogue chute is suddenly unlonded from 330 1b to 70 ib,
and then gradually loaded up again, The opposite action (sudden louding up, gruad=
unl unlouding) occurs simultaneously ln the case of the main chute, These weight
chunges greatly alter the velocities of the two ahutes und perrait them to pull apart,
iy monltoring SAH for both chutes one can determine the point in time when they
are 102 ft upurt, which is the length of the extructed bulloon, [n addition, a study
of the D eolumn, particularly (n the cane of the drogue chute, shows whether it in
exerting the drag necossnry to pull the ballaon up steadily, Dynumic pressurs (q),
veloelty (v), and height (11) ure also manitorad,

ALL  Calewtation iteevad e

The term flling time tp uppears cn thia sheet, even though the parnchutes ave
fully inflatad, In this came, 't‘ 1s vetuined nm u computational convenience, It
really refors to the time required to extract the brlloon and to oxtend {t vertically
to {ta full length, [t (s assumed that there will bhe o Tinony (with time) {norease in
the loading of the drogue chute as the balloon 18 pullad up from ita storuge location
at the npex of the main chute, The welectad value of t, defines, therefore, the time
required for the drogue londing to go from 70 1h to 332 1b, [At the highor welght
the droguae supports 100 percent of the balloon weight (140 1b) plus 82 b of other
components.. (SeeSection A 4 The tp vulue on Tubles A4 and A8 wus dater-
mined by trial und error to be upproximutely 9 Her, whenco the iteration {ntervnl,
tt./HO. of 0,18 Neo, (Sen note AD,)

AB, 'f'he values digplayed (b 'I'ablas A4 und Afl ure not conkiatontly thoke usgorinted
with simple BX multiples of the {teration interval (8 %, 18), ns was the ense
with the Progrum 17-4U workaheoe! (see Seatlon A2, 2), Inftinlly, when lnrge
changes are oveutrring, the values are rocorded nu computed, that is, for
every suoncassive iteration, During the soction laboeled "Longor Intervals"
datn nve indoed presented at multiples of the iteration interval, becuuse
changer per {tetation are slight, Tho data presentation frequency returns
to the lteration froquenay na t appronches {y howoever, hrantse of the
importaneo of the finnl moments of the extenction,
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ABS The Weight Computation

The 70=1h weight on the drogue (Teble A4) irnmadiately after the unlonding
ovecasioned by event 4a |8 made up of 10 percent of the halloon weight (18 1b) and
82 1h of "other companent’ weight, The 82 1b figure remains constant thvoughout
the extraction process, 'The program adds 1/60th of the residual balloan weight,

.that s, 1/80 of (180«18) or 0,02 X 162 1b with oach new itorution, so that W {s

increasing by inorements of 3, 24 b par iteration, until, whentw toor T 1,0,
Wote ut 297 1, (On Tuble A8 0 similar hut npposite samputation 18 cerriod out, ne
the welght on the main chute (a8 Unonrly deersnsed,) '

A34 Projocted Fquilitheium Veloolly

Tha {nitiul velocity («28, 37 fpe) vLawn on Vuhlie Ad wun asgocinted with the
londing on the drogue. (339 1h) just hefors event 4a,  The drastic roduetion {n loading
(320 1h to 70 1h) couaad by eveut 4a oalle for n sharp raduoetinn in drduuu \'rnllbr".lt,s;.
The program eommputod n new aystem veloalty, thnrefove, raforred to ns the "Pro-
jectad rgriliheium Veloolty," \"ul‘ uring the formula of note 20, Secotion 4.4, 0,
muln text, Vﬂ1 (12, D31 fp) 1 hased on the 70«1b weight and the ntmoxpheric dons
uity of the starting nltitude (23,722 f4), 14 18 oxprezued as nn abeolute value, that is,
without the minua sign hormally used in this report for rutes of descent, ‘'I'Mia {s
the velocity to which (theoreticonlly) the drogue would docelorate if the 70«10 Jond
remuine constant, llowever, slnoe we have assumed thut the drogue loading witl
ineroude with time as the hallnon ia oxtraotad, it {s Impossible for Vg to he
attained, and the trand will ba townrde neealerution, liven so, it 18 not n useledy
computation hecuude it makes possible the determinution of the setunl deoite veloe-
ity (=v) at the end of the firet lteratlon, The computation {8 voponted lar \’02.

Vea. ;at_c... f_mm whiuh “War Vv eted, are obtained, (Seo noxt section,) “rom the
atop~by=stop computation of these veldclty values the progeum enfeulntes the dige
tunee travelled («AHD vertinally par ltoration, and, by summing the Al viluos,
yhows how fur tho system hue Mllon when t = by A gimitnr enteulntion 18 enrriod
out o 'I'uble A%, the difference helng that the madn ehute {8 loaing welpht, ofter an
tnitinl wudden erease, and econsoguontiv 1t s tending to deeotorate,  The change of
walght {8 Hneor with timoe, as in the cade of the deogue, and the amount of woelght
tranaforrod por lterution is the suimg us on 'l'ablo 4,

Hy compuring the *AH vialuos for both the drague und the mnin ehute, wo ean
tell whethar or not they have sopatnted hy 102 ft,  Note on Tablo A4 that Al for the
droguu ut 0, 0 see {8 < 160,42 ft, whorens, on 'Fublo AR we deo n AT valie of <274, 40
ft, ‘The difference of «104,47 {t indioates that we have ageeodeld our and point of
102 #t and that D aee (A notually n little toa long, (At H, BB see the gepuration 14
103,70 £ty but not all the welght hns heon translorrod, )
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ALS The Velovity Calewlation
The usefulnean of the projected equilibrium velooity (\’e) aaleulation will now ‘
be explained, On the assumption that the drogue and main chutes remain stable E

aubsequont to event 4a, .a further assumption is made that the parachute will take
1/2 sec to go from ita initinl velooity ('Vi) to Vo o (The latter nasumption which
nlso oalla far W to reamaln constant during this interval, is u bold one, but appenrs

The program uses the above camputations to solve for » Vi (prelim, )" From that
busin it procusds to solve for Av, nnd vy fihul ua wad done in Program P'=4U (son
Section A2,4), Oure vy finnl has heen dutermined (nlong with g, D, 11, ~AID
the program computes o new projected rquilibrium velority \’132. using the nug-
mentod weight for the drogue (the deeronsed weight for the main chute) and the
npproprigie ntmospherie density for the new lower ultitude, :\‘@3 then serves to
determine "y in the manner deucrlbod abnve, "This process (a iﬂqp_untmtl until the
Both ltarutlon. whan t = tt“ 4 . - : .

7
b
' justified on an ompirioal baais, ) Thus, If the aystem goes from vy tov 1 In }:
1/2 getv g
&
3
. A"'/"c’(’(irmf.'mﬂm'm:m-)_'= UV ' Vgy) Where =vy = V g
nnd
f
] "
y _ N
& éé'o(tf)” Wag ' Vay! ) = vy (pretim.) = &Y% - - : -
r whuneo! _ ;
i "1 (prelim,) © Vit AV,

Ad, ‘The counting number shown in lRogleter 11 0t the haae of the forma gaverns the
number of {terntions parformed,
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ABO  Tables AZ uml AG

Table A2 14 constructed In a manmor aimilne to Pahles Ad und AS, with one
major exception, The welght on the drogue remaing congtant, subsagquont to the
unlonding which occurs in evant du, untll the center vent pull Hne beesmoes taut,
At that point theve 1g n stop chungoe to the full system waelght, whieh again remulng
constant with time, 1t can bc_a daan thut the villues of \'ﬂ o not vary greatly onco
" the weight has been estublished, '

Table A8 alwo employy en wavarying welght, 1t hne been tneluded to hreidge
the gup hetween the extruction process und the brdloon inflation prososs, 'The
dssuinption here s that the drogue quickly ueeelerutes to the main chute veloaity
when tha halloon la fully extended and thut the array, new treated as our hypothoti=
cal 72, M8t diam ahute, tukes 3,0 soe to rench equilibrium velooity,

AT

-

ATe 1T wo exumine ‘l'uble A4 we nate that the drag value for the drogue ot t = tp or
N wee (228,88 10) {a less than the 32 1h weight which it s supposod to ho
supporting, ‘Ihis {8 hecause the drogue hns not fully neceleratad hy tho ond
of the alloeated time, With the basoe of the bulloan still nttnelhed to and
supported by the apex of the muin ennopy there is enough drag for the drogue
to extond the balloon vortieally until it hecomos {n ossenee o Hne hetween
the two parachutes, When the Hne beeomes thut, the drogue |8 aecoloratod
to mindn chute velocelty and develops 310 1h of drag us hefore,
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Table A1, Opening of 36«It Ring Sail Drogue Chute, Tvents 2a and 2b
Program Date! 775018
Program F4U ) P Program P10 T
N "ATTIEINED
“nt ot s | opet 1py tpw 1) fl TN g_,l, ib 1) !#
AREA WYV | e Ay | v R | oW Ty 53 CF | R | W MEEMER TR,
g - - . . - : l' .
b2 0 o R ST N T 0 v ooend{olda, 01| 1a0.0k] 16] A
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avo.an] L] toen] v fonorse b (D lean Wodew Ly i boraanaa | sernage 1oht4g
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SUBR 1u02

suBR 1001

1, Multiply by )
$xy
for Te0,142,6tc,
14 870 negtl
T3, s §¥ 'R
to Reg 02
AR

~

"

Multiply by .l
@ty
ST0 Rey. 14

. Add Reg.l] to

ng.ld. divide by &,
subtract From Rey. 1),
¢sy SUM to Peg.02

a4y Y

(G X o 4) Xl W

ey Tt
'\”. ¢ .
- (new Note 8)

RTN T

1 START ’

SUBR 1003

1. RCL Reg.16

SUBR 1001 SUBR 1003
2. RCL Reg. 17 11, RCL Rey.i?
~ SuBR 100 SUBR 1004
3, ACL Rug . 18 12, HCL Rey.1B
SUBR 1001 SUOR 1004
4, ACL Reg.19 13, RCL Reg.19
SUBR 1004 SUBR 1504
£, ACL Reg.20 14, RCL Req.20

SUBR 100} SUBR 1004

6, RCL Reg.21 15, RGL Rag.2l

SUBR 1001 $UBR 1004

7. HOL Rey.22 16, RCL Pag,2?

" SUHR 1002 SUBR 1006

. ¥, RCL Rey.23 17, RCL Reg.23
SUBR 1001 SUBR 1006

§. RCL Rey. R4 18, RCL Rey.24

SUBR 1001 SUBR 1006

19, RCL Rey.N9,
- Multiply by .06

[(g¥) X .05]
T .09
20, SUM to fleg CF

(totel area)
5T0 Reg, 14

10, RCL Reg.16

1. 70 Reg.09
(3
e

2. Multipty by .Ob
(g¥ X .08

3, SUM hu'Roq.Oz
4, RTN

’)Tf.[

SUBR 1004

1, 5T0-Reg.10,14 -
g
CLAS

2. Subtract Rey.09

el 2, RTN

SUBR 1008

1. $10 Reg.09
dy
(HT)T-J'

F from Reg.l4, -
] pltipty by’ .08

L -
[(ﬁ%-‘a(“%ru,]x .08
J 3. suM to Rey.02

4, Xer Ry 10 to Reg,09
B, AT

SUBK 1006

1. §T0 Reg.10

Recurd
total arpa
{Voluua)

21, RUL Rey. @b
v, .}

ix
Subtract Prum

Rey, 14

2 4+ o]

Ragory
AV

fald L dILTET IR T2 TR

. | (ﬂ;&T.‘“

2. Subtract from Heg.09,
miltiply by .0b

4 6y
( . .ub
[_‘")1-.7 (‘”)T-.J !

3. SUM to Rey.0d
4, xfer Rey. 10 to Reg, QY
b, RIN

lgure Ady Flow IDinge
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SUBR 1003

1. STg Reg.09

cayr)T__l

2. Multiply by .0%

(8 W) |

3. SUM to Reg.02
4, RN

r SUBR 00

i 1. S10 Heg.09
y

)

(STT-J

2. RIN

L s S

=

=S L

SUBR 1004

1. 510 wep 10,04

@)
a¥T".2
2, Subtract Reg.09

from Reg,14,
multiply by .08

[(M: a(s¥)r-.:l* 0

30 SUM-to Reg.02°
4, Xfear Regi 10 to Rey.08
6. RTN

-SUBR 1006

1. 8§70 Heg.lo
dy
Gr,

2. Subtract from Reg.09,
multiply by .06

E%*”,,.; ‘?M,IJ X .05

3. SUM to Rey,02
A, %fer Rey. 10 to Rey.09
§. RIN

NOTES

1. If the values of 3¥ from Program P«Y (stored in Reg.16-24) are plotted against T,

o curve similar to the one below will be obtatned. Progran P«7U measurcs the dres
under this curve-by adding tha areas of the B rectangles and 10 triangles into
which 1t can bé'dividéd, For exemple, the ares of rectangle 1 43 b X h o 0,1.% the

value of ‘Hr for T, Which ts stored in Rng.15. The srea of triangle 1 s 172 bh
or 0,05 X forTe,] As each veqment acea is calculated 1t 13 "sunmed" to Reg.02,
30 that at thy end of the program the contents of Rey.0Z wquel xé §¥-x T, This sum
{s thet compared against Viax computed by Pragram P9 and stored in Rey.25, [f the
discrepancy s large, P-9 must ke rerun, ustng values of v (velucily) abtained by
a rerun of PAU with a new value of (T 8¥ X T approxinatex V., Program P-10

M,
18 then run, .

anrn
TO4H 23 . 48 08670910

PLOT OF ﬁ wr

¢, Although the curve shown abuve s typlual, the actual conflgyratians vary from cdase

3

ty case, The apex (highast point) may ocuur anywhare froam 1<, (Rey. 18) to 1=/,
This program wab set up a3 & "univarsal" program, to cover all vases, with a minimam
of change. (Hence, the U In the program mumber}  1F the apex s at 1+,3, the

succasiive values org descend from Tad to Tl 0, 1f the apex 15 al -7, the
descending valuas occur only from Te,8 tu Te] 0, This 8 fupartant (n Lhe computatfvn
af the trianglo areas, SURKR 1004 covers ascending valuea, in which case the previous
ﬂ¥ {9 subtracted frof the new g¥ to obtatn the value of b for the 1/7 bh computatiun,
SUBR 1008 covers descending values of 3¥. in which case the fullowing value is

subtracted feom the new valus, 1lhe 'fl"" hara v to selvet tho appropriste subroudine
at mach qtop of the pracess of calculating trienquliar arvay,

In autual practive tt has hoen found that the program ay shown 15 adequate and that
there 49 nu real need to Juygle subrout fnes to scommodate the shitting apoea,

. The triangle which occurs just to the elght of the apex (befangle 7 10 the torve ghove)

i not separately computed. Ils area i Inclwded 0 thy compulation of the tallnt
roctangle. (see note )

Subroutine 1002 determines Lhe arsa of the talleat rectangle, using & wompwhat
compticatoy method afmod at acuommuotming the shitting apex doscribed In Kote 2,
It tomputes a rectonquiar aved based on the nedght valug ol the apex and stores
this aved in Rey.d1 Ay woll as sunming 0t in Reg.0¢, 1t then cumputes & 2nd
arva based on the helghl value of the next point un the curve. Unly ono area

v noeded, howaver, pur the yoomotrical consteaints of Lthe Flgure, The ares
Just computed 1x added to Lhe drpa stoved {n fleg, 1] dnd divided by two,  This
average arog iy tha one which will bo used, Stnce the Keg b avea has alromdy
boen sammed to Req, 07 an adfustoent ts accomplished by subtyacting the ditterpnon
betwerr the Reyg. il ares and the new averagn area freom Rig 08, 0 examinimg th
Chrve o ye 1L will be sour that this computation abwo Includes the drea af
trfang e 7,

Ilgure Ad,  low Disgram for Progrum P7U Computation of Arou Under Curve

18/
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£ Appendix B
'm - ALBS Special Balloon
;3 BALILOON SPECIFICATION SHEET
2 SPECIMCATION NO, 7680421, 01
F Altal, MODEL NO,  TTV-007
(FOLYETHY LEN) 5
. I, DPERFORMANCE E
E Mintmum Paylond: 800 Pounds Flouts at 78, 000 ft
E - g | ¢ Y
{ Puyloads 804 Pounds 1lonts at 70,200 ft
E Laged onn Nominal Ballvon Weight 177 1bs
5. 2, DESIGN AND DIMENSIONS
é’_. ‘ Theorotical Maxtmum Volume , 187 M{llion e 4
B l Core l.ength )91.7 ft,  Maximum Diameter 72,88 ft :
] Mintmum nflated Helght 61,83 ™, Number of ciores 28, o . ]
i ] Ciore Hall Width, Baser 23,4 In,, Apext 38,3 in, C
i Core Patterny Tallored with Rectangular Tnd Seotinte- o
: Rated Lond Tape Stpomgthy N/A the ;
Numbaor of Ducts 4 Aren (Fach buet)y 1,00 ﬂ2 3
Ducts Located on Cores 1, 4, 16, und 34
fnme Mark 1ine to Elliptical Opening 32,4 1l
Hame Mark Line to Detachiment Point B 1t
Length of Detnehed Duet B 1t

R TV S

™
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30

4!

5,

Tnflation Tubest 1 each, 107,7 ft long located on Core |
at a distunce 1 ft from Apex Murk lLine,
o Tube to he internul to the balloon, .
Destruct Dovice located on Uores No, 13 and 27, Roefer to Section 4,

" MATHRIALS : :

CORES! 1,8 MILS THICK, PER$PECIICATION MIL~B=4640 (USATY,
PUCTS 1,8 MILS THICK, PER SRRCIFICATION Mil=P-d848 (USAT,
CARLE SHEATT 2,0 MILE THICK, PRR SPFRCIFICATION MIL<Pa4840
(USAL),

INFLATION TURE(S): '3 MILS THICK, 0.4 in, FLAT WIDTH, MADE 1*ROM
_ SAMI GRADE RESIN AS USID FOR HALLOON GORES,
REINFORCED ADHESIVE TADE: 9M COMPANY 800 TA D,
UNREINFORCED ADHESIVE TAPIE: 9M COMBANY Y0307 TA BI Ol

' ' W, R 1 98A=10-TADE,
APBPLICARLE DRAWINGS
APEX BND FPTING YRR FER DRAWING, 1110102 und 110104
BASE BEND FUFFING Y DE PR DRAWING: 1310102 and 1310104
VALYE COVIER PLATE ASSEMBLY PR DRAWING: =10103
VALVE CARLE PER DRAWINGS; 11010101 nnd 1410107
DESTRUCT DEVICE PIER DRAWING: SK72075, 01

ADBLICARLE SPRCHATCATIONS

TEMLE OR SUBICT NUMBIEIR OR SOUTRCS
"GENTERAT BENUINFIRING SPHCT

CATIONS POR BALLOONS FABRICATIED

FROM TEATSEALABRLE PLASTIC

FILMS" OCTORIR 1979 1.013-01
"HEALLOON PACKAQING AND BONING
OCTOBIR 1073 1.4 13=02

"PHOGDUCTTON PENSTLE PEST AT H0DS
FOR FIN Y PE BALLOON GORE HEA'T

SEALS" JULY 1074 Loa-0y

TENSTLE TENSTING OF BALLOON LOAD

TA DK CON'TRACTOR

QUATITY CONTRO, ML=« DRABA
40
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' 8, RECORDS g
. _ (1 Set to Conteacting Officer, 1 Set to be Packed In Balloon Hox) -
"Halloon Pradustion Rocord Summary' dated Octaber 1073 ]

. g%

£

) "Ralloon Spenification Sheat" :
: "Pryloud Altitude Curve' _ﬂé
S 7o MISGELLANROUS. . . o _ ) -5
AN a o Dimensiony of duat -u'lilnmu uxud Whall bt as c_l_ntcrmﬁml by 1oanl gore width % :
and manufneturing conslderntiond, but minar (horizontul) axis shull nat ho W T =5
mare than one half the mupjor agle, : : _ ;
Apex tting shal) necomindate 1'ench BVE1Y valve, : ' ﬁ ‘
Dentruet devieo huttons shnll he fabrfentod from aluminunr,  Destroet dovice ) W{
satow ahall be mude from metnd compatible with the button matorial over
© tho complote pange-of opetating trmuwl‘ut\trrm{ e serew Hit_m‘-ngt.h ahall B
be conntatont with the doestruet Tine steongth, - B i
Halloon folding #hinll be in aceaprdimes with Figure 2, 10000 unless
; Hpeeitie (\xvnptl.nn I poeguentod and upproved,
: Prelor to senting balloon in the rad polyethylieno weappor, halloon shall
; b chuekod far twints, CTwistay {F found, shatl be removed using soumd
: handling practicos,
N Hulloon ahull e seated within veeling sleeves Reeling sleeve shal) begin
; 1A It Feom apexe Reefing sleeve shud) ho d mils ek, one side ved and
1 one stde elear, Toore panel shall be Udl thick,
AN
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RBetween the time of submission of the firat draft of this raport for publication
and the recelpt of manuscript for review by the authnr, two major engineering .
changes have heen made {n the ALBS test systemn configuration, It is suggested
that the reader app?oachthe report {n ita firat form, and then procead to {ncorpor-
ate the changen, In this way, the revisions should become more meaningful and
move readily visualized,

The firat change -ihvolves the distribution of welight on the main canopy, In
the new conflguration only the ballonn and {ta protective noft pack will he mounted
at the main canapy apex, ‘I'he other components (communications relay, ballant,
command/control {rstrumentation) will be positioned below the main canopy just
above the oryogenics unit, (The reader (8 asked to examine Pigure 7h, and mentally
to rearrange components as sugygested above, A soft pack should he substituted for
the aluminum framewark, ) . L

This welght recdistributien provides a imore favarable ratio of apex weight vu
hottom welght and eliminstes the need for ballaat montioned th the main text, ''o
tacomplish this welght change, the method of recovering the cryogentc unit hnd to
be revised, 'T'he cryngenie unit will now fall away from the payload at the buse of
the main chute and will descend on ity awn parachute, which will have heon packed
until this point, ‘I'h? main chute will eollapre when the halloon starts its nacent amd
{t will he carried to halloon float altitude with the payload suspended beneath it,
Later on, {t will devve ad the rocoveny chute for the payload when the bulloon Flight
i tarminated, (The reader (8 asked to compare the doseription abnve with the
concaptd depletid on Mguren 14 and U4 and to muke the nosessary visunllzation

shangen, ) . . 4
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The second change 18 in the oholee of parachutes, 'The drogue chesen far the

inltial 11 Centro tegtg will bo n 32«0t diameter ving slot chate,  The main chute will
heo a 42 «f diameter ring sntl chute, [t {8 belloved that the morve favorable dypamlae ﬁ
pregAures ohtafnable with this chute combination will enhunce systom performanee, . ;
{Other parachute arvays, ineluding a cluster,” are undee considevation ns haek=up . L I
systems In the evont that the praferred.areay {8 shown to he wnsultable,) : ¥
A% a pesult of the ahove changed, the numeorical values Hsted in Table 2 amd .o §
the supporting tables are obrolete in part, - New values have bnen computed using : l
the same basle procedures, aud thoy will asstst In tost planning, (They will not be . :
riven hepe, ) : S SR
Bocause of the changes und bocause of admintsteative delays in offeeting o ' T
working nQrmnnmnt hetwoeen the Afr Fovceo gt ' ost Conter anel the Ay Fapee ('
" ‘ tieophysios Laboratory, the PHght tost prageam b B Centieo has buon dolayed by : S
- two monthy and will new commence Ly dananey 1077, , : : e - S
~ Ax o mattor of {nterest, the |)|-nu|'m.1'\ e o penerate the values Hsted In '
1 Tuble 8 has heen improved (n seveeal trespeets, (Fhe orlginal veeston of this proe . _ .
% gram, Peldtl, {n outlned fn Floure 11,) 1 hea beoen trapstoted into FORTHAN by : b
A, Hebert Vesprind of Bmmanuel College and {8 now o valuable tonl for quickiv '
F gariging the effect of changes {n gus tomperatupe and othor ppemmeterd, I nddi -
tton, the LA ratlo computantion husd Been fneluded in the program and 8 pertorned
et vaelr ftoration, "
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